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ABSTRACT 
From a study o f twenty s i x p l a t i n o i d mineral concentrates 
from d i f f e r e n t g o l d mines around the Witwatersrand sedimentary 
basin, seven a l l o y s o f osmiu/n and i r i d i u m , two a l l o y s o f platinum 
and i r o n / a n d f i v e arsenide,sulpharsenide or sulphide, minerals o f 
the p l a t i n u m group elements were i d e n t i f i e d and are described. 
The m i n e r a l s i n c l u d e osmium, iridosmium, rutheniridosmium,. 
osmiridium, ruthenosmiridium, i r i d i u m , r h o d i r i d i u m , f e r r o p l a t i n u i n , 
r h o d o f e r r o p l a t i n u m , s p e r r y l i t e , l a u r i t e , one arsenide of osmiujn-
and i r i d i u m , one com.plex sulpharsenide of osmium, ii-'idium and 
ruthenium, and a rhodium sulphide mineral. V/here p o s s i b l e , o p t i c a l 
p r o p e r t i e s and q u a n t i t a t i v e values f o r chemical composition, 
r e f l e c t i v i t y , microhardness and s t r u c t u r e are given f o r each 
mine r a l . The i n t e r g r o w t h t e x t u r e s and shapes e x h i b i t e d by the 
p l a t i n o i d p a r t i c l e s are described and discussed. From a g r a i n 
count study imder the e l e c t r o n microprobe of s i x , selected p l a t i n o i d 
m i n e r a l concentrates, the d i s t r i b u t i o n s i n mineralogy and g r a i n size 
of t h e p a r t i c l e s from d i f f e r e n t p a r t s of the Witwatersrand basin were 
determined and are compared. Only minor v a r i a t i o n s could be detected 
i n both mineralogy and size of the p a r t i c l e s across the basin. Four 
p l a t i n o i d mineral g r a i n s were found i n s i t u w i t h i n the r e e f and these 
are described and i l l u s t r a t e d . Photomicrographs shcvring a wide 
v a r i e t y o f g r a i n shapes, i n t e r g r o v f t h t e x t u r e s and compositions are 
provided as an appendix, t o supplement the d e s c r i p t i o n s and d i s c u s s i o n 
i n the t e x t of the t h e s i s . 
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INTOODUCTION 
Qua r t z - r i c h , o l i g o m i c t i c conglomerate bands, containing gold, 
•X-
uranium and minute q u a n t i t i e s of p l a t i n o i d minerals, c o n t r i b u t e t o a 
succession of precambrian q u a r t z i t e s , conglomera.tes, shales and lavas 
o v e r l y i n g the archaeaii s c h i s t s and g r a n i t e gneisses of the South A f r i c a n 
Easement Complex. The succession forms a basin, known as the 
Viitwatersrand Sedimentary Basin, which covers ari area of approximately 
2 5 , 0 0 0 square miles and incorporates a t i t s r i m the gold mining areas 
of the Witwatersrand proper, Klerksdorp and the Orange Free State, 
(see Maps I aiid I I ) . 
Tiie a u r i f e r o u s conglomerate bands, known l o c a l l y as reefs or 
banket, were f i r s t rained f o r g o l d i n I 8 8 6 ( 1 ) . The presence o f 
p l a t i n o i d minerals i n the bands v/as noted by E e t t e l as e a r l y as 
1 8 9 2 ( 2 ) , but concentration of the p l a t i n o i d s as a byproduct of gold 
raining operations d i d n o t oomraence u n t i l 1 9 1 9 - 'Fhe term "byproduct" 
i s an appropriate one since, notvjlthstanding the f a c t t h a t p l a t i n o i d 
mineral concentration has been c a r r i e d out on a r e g i o n a l scale since 
1 9 2 3 , t h e average recovery of the minerals from the conglomerates-in 
1 9 5 6 was only ^ m.illigraras per ton of ore, or 1 oz. per 2 0 0 0 czs. of 
recovered g o l d ( 3 ) . Production f i g u r e s f o r l a t e r years are not 
a v a i l a b l e . 
The p l a t i n o i d minerals occur w i t h i n the ore as minute p a i ' t i c l e s 
.associated w i t h gold, u r a n l n l t e and other heavy minerals ( 4 , 5 , 6 ) , the 
p a r t i c l e s mainly comprising a l l o y s of osmium and i r i d i u m c ontaining 
s u b s i d i a r y amounts of ruthenium, platinum, rhodium and i r o n . Arsenides 
and sulphides of the platinum group elements have been reported (6,7), 
Minerals of the platinum group elements:- osmium. I r i d i u m , platinum, 
ruthenium, rhodium, palladium. 
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but no p o s i t i v e I d e n t i f i c a t i o n of a palladium mineral has been made. 
In general, the i n d i v i d u a l p].atinoid p a i ' t i c l e s are subspherical i n 
shape and f r e q u e n t l y comprise intergrowths of tv/o or more d i s c r e t e 
mineral phases. Cv7ing t o the small s i z e , o p t i c a l s i m i l a r i t y and 
complex intergrov.'th t e x t u r e s of the minerals, q u a n t i t a t i v e data 
concerning the i n d i v i d u a l minerals and t h e i r d i s t r i b u t i o n w i t h i n the 
Witwatersrand r e e f s are nonexistent. The r e s u l t s of previous research 
woi'k have been based mainly on microscopic observations and have 
i n e v i t a b l y generated controversy as t o the i d e n t i t y an.d composition of 
the v a r i o u s , c l o s e l y r e l a t e d p l a t i n o i d minerals ( 3 j 5 j6 ,7 ) . 'The 
development of the e l e c t r o n probe microcuialyser, however, has made 
po s s i b l e the p o s i t i v e i d e n t i f i c a t i o n of such minerals (8). I t i s the 
aim of t h i s t h e s i s t o d e f i n e , w i t h the a i d of s o p h i s t i c a t e d instruments 
such as the e l e c t r o n probe, the p r o p e r t i e s of the i n d i v i d u a l p l a t i n o i d 
minerals, t h e i r intergrov;th t e x t u r e s and t h e i r d i s t r i b u t i o n w i t h i n the 
a u r i f e r o u s r e e f s of the Witwatersrand Basin. 
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SECTION 1 . The Witwatersrajid Basin 
1 . ( i ) General Geological Features 
W i t h i n the Witv/atersrand Basin, the oldest rocks of the 
succession belong t o the Dominion Reef system, r e s t i n g 
d i r e c t l y on the Basement Complex. This system i s o v e r l a i n 
successively by the rocks of the V/itwatersrand•system, the 
Ventersdorp system and the Transvaal system, a l l of which 
are mutually iinconformable. 'The succession, together w i t h 
the. younger -Waterberg, Loskop and Karroo systems i s i l l u s t r a t e d 
i n diagram 1 . 
DIAGPAM 1 . ( A f t e r Borchers ( l ) ) 
Generalised Geological Succession i n the 
Witvjatersrand Basin (Not t o scale) 
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- Lower D i v i s i o n ) System 
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- Basement Com.plex 
The Dominion Reef system consists of a s e r i e s of acid lavas, w i t h 
basal sediments vjhich i n clude the gold- and uraniutri-bearing Dominion 
4. 
Reef Conglomerate. I n some areas, denudation completely removed the 
rocks of t h i s system and, i n these areas, the Basement rocks are i n 
contact v j i t h the sediments of t h e V/itwatersrand system. The l a t t e r 
system, some 7>^0 metres t h i c k , comprises a lower d i v i s i o n , ~ 4,600 
metres t h i c k , made up e s s e n t i a l l y of a l t e r n a t i n g q u a r t z i t e s and shales,'^ 
and an upper d i v i s i o n , - 2,800 metres t h i c k , o f q u a r t z i t e s and conglom-
erates w i t h only one major shale band, the Kimber^ey shale. I t i s 
w i t h i n t h i s upper d i v i s i o n of the Witwatersrand system t h a t the pi-^inclpal 
a u r i f e r o u s r e e f s and r e e f groups occur. These a l l c o ntain gold and 
uranium minerals, together w i t h minute q u a n t i t i e s of p l a t i n o i d minerals. 
The p r i n c i p a l r e e f s and r e e f groups can be described b r i e f l y as 
f o l l o w s : . • 
The Main Reef group occurs near the base of the Upper Witv/atersrand 
f o r m a t i o n and includes the Main Reef proper, t h e Main Reef Leader., the 
Carbon Leader and the South Reef. A l l r e e f s are worked i n the c e n t r a l 
Rand area except the Carbon Leader which i s a prominent source of gold 
i n the C a r l e t o n v i l l e area. The Main Reef group as a whole i s of.no 
i n t e r e s t i n the Orange Free State g o l d f i e l d s . 
The B i r d Reef group i s found at the t o p of the Main-Bird s e r i e s , approx-
i m a t e l y 900 metres above the Main Reef group. The re e f s are worked under 
the names Wlriite Reef and Monarch Reef- i n the Krugersdorp-Randfontein 
area of the West Rand, as the Vaal Reef i n the Klerksdorp area, and, i n 
the g o l d f i e l d s of the Orange Free State, as the Basal Reef ( l ) . 
The Kimberley Reefs, higher i n the succession above the Klmberley Shale, 
are worked i n the Evander area a t the I j e s l i e , Bracken, Winkelhaak and 
Kinross mines, i n the East Rand area a t the Durban Deep goldmine and 
also i n the West Rand. 
The Elsburg Reefs are developed throughout the basin near the top of 
the V7itwatersrand system, but are of economic value i n only a fevr 
areas, n o t a b l y a t the Western Areas goldmine southeast of Randfontein. 
The sediments of the Upper Witv,'atersrand were o v e r l a i n during a 
p e r i o d o f e a r t h movement, erosion and volcanic a c t i v i t y by the rocks 
of the Ventersdorp system. These- consist mainly of a n d e s i t i c lavas, more 
than J), 000 metres t h i c k i n places, vmich incorporate l o c a l i s e d basal 
sediments among which the gold-bearing \''entersdorp Contact Reef i s 
notable. Overlying the Ventersdorp system, w i t h marked unconformity, 
are the t h i c k sediments o f the Transvaal system, which once again 
include a basal, a u r i f e r o u s conglomerate known i n t h i s case as the 
Black Reef. During subsequent g e o l o g i c a l a c t i v i t y , the Euslweldt 
•Igneous Complex, the Loskop and Waterberg sediments and f i n a l ] . y the 
extensive beds of the Permo-Carboniferous Karroo system, nov/ covering 
much of the Witv/atersrand Basin, were, formed. Although some of these 
younger deposits are of major i n t e r e s t from, both an academic and economic 
viewpoint,.they are of l i t t l e relevance t o t h i s t h e s i s . 
1 . ( i i ) General M i n e r a l o g i c a l Features of the Reefs 
The a u r i f e r o u s r e e f s of the Upper Witvfatersrand formation 
c o n s i s t i n general of well-rounded and w e l l - s o r t e d pebbles of quartz, 
q u a r t z i t e and c h e r t set i n a f i n e - g r a i n e d m a t r i x of quartz and 
p h y l l o s i l i c a t e s . The l a t t e r are f o r the most p a r t authigenic and 
i n c l u d e s e r i c i t e , muscovite, p y r o p h y l l i t e and c h l o r i t e . The conglomerate 
matrices also enclose a s e r i e s of heavy minerals (S.G. > 2.89) remarkable 
i n i t s v a r i e t y , thoiigh representing only a very minor p r o p o r t i o n of the 
rock.as a whole. The minerals are both primary ( d e t r i t a l ) and secondary 
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( a u t h l g e n l c ) . They-occur mainly as rounded g r a i n s i s o l a t e d i n the 
con-glomerate m a t r i x and include'the f o l l o w i n g i n d i v i d u a l species (9): 
Algodonite, a r s e n o p y r i t e , c a s s i t e r i t e , c h a l c o p j r r i t e , chromite, 
c o b a l t i t e , corundum, diamond, e u x i n i t e , galena, garnet, 
g e r s d o r f f l t e , g o l d , i l m e n i t e , l i n n a e i t e , magnetite, m i l l e r i t e , 
monazlte, p e n t l a n d i t e , p l a t i n o i d s , p y r i t e , p y r r h o t i t e , r u t i l e , 
s p h a l e r i t e , t h u c o l i t e , tourmaline, t i r a n i n i t e , xenotlme, zi r c o n . 
The m.inerals of most economic importance are gold, u r a n i n i t e and, 
t o a r e l a t i v e l y minor extent, the p l a t i n o i d minerals. The nature, m.ode 
of occurrence and genesis o f gold and u r a n i n i t e i n the r e e f s have been 
discussed repeatedly i n the l i t e r a t u r e (3^4,9,10,11,12) and, a t present, 
the m a j o r i t y of i n t e r e s t e d p a r t i e s favour a d e t r i t a l o r i g i n f o r both 
minerals, although a m i n o r i t y group, l e d by the l a t e Professor Davidson 
(12), supports a hydrothermal o r i g i n f o r the V/ltwatersrand gold. The 
gold i s . found mainly as minute p a r t i c l e s and v e i n l e t s a.3sociated w i t h 
quartz, p h y l l o s i l i c a t e s and, t o a less e r degree, w i t h other heavy 
minerals i n the conglomerate matrix. U r a n i n i t e occurs most f r e q u e n t l y 
as rounded g r a i n s , although i r r e g u l a r patches and v e i n l e t s of secondary 
u r a n i n i t e and t h u c o l i t e (a u r a n i n i t e a , l t e r a t i o n product) have been 
observed (9). 
Owing t o t h e i r extremely low concentration i n the r e e f s , few 
p l a t i n o i d p a r t i c l e s have been described i n s i t u (4,15). The lim.ited 
amount of research work c a r r i e d out on the Witwatersr.and p l a t i n o i d s has 
been on gr a n u l a r concentrates obtained from the mining companies, aiid 
a summary of the r e s u l t s of t h i s work i s given i n the f o l l o w i n g section. 
7. 
SECTION 2. Previous Work on the P l a t i n o i d Minerals 
The existence o f n a t u r a l l y o c c u r r i n g a l l o y s of osmium and 
i r i d i u m has been known since 1805 (l4). However, although research 
has been c a r r i e d out on placer p l a t i n o i d minerals (15, l6,17), arid 
the behaviour of the platinum group elements under a r t i f i c i a l melt 
c o n d i t i o n s has been reported (I8,19,20), few p u b l i c a t i o n s are a v a i l a b l e 
which deal s p e c i f i c a l l y w i t h the p l a t i n o i d minerals i n the Witwatersrand 
r e e f s . The minerals were f i r s t noted by B e t t e l i n 1892 (2), vjho 
succeeded i n e x t r a c t i n g a sample from the g o l d ore a t the New R i e t f o n t e i n 
mine ( l a t e r t o become p a r t of the R i e t f o n t e i n Consolidated gold mine 
n o r t h of Ger.miston). The f i r s t published account of the V7itv;atersrand 
p l a t i n o i d s was by Professor R. B. Young i n I907 (21), who described 
p a r t i c l e s , obtained from the same source as E e t t e l , as probably d e t r i t a l 
c o n s t i t u e n t s of the banket, occurring i n rounded and f l a t t e n e d g rains 
and i n t a b u l a r , s i x - s i d e d c r y s t a l s averaging 0.12 mms. i n diameter. 
A paper by Baring Korwood fo l l o w e d i n 1912 (22), i n vmich p l a t i n o i d 
minerals from the R i e t f o n t e i n Consolidated mine were described as 
" c e r t a i n l y o f secondary o r i g i n " , o r i g i n a t i n g i n the banket by 
hj'-drothermal a c t i v i t y associated w i t h diabase dykes. Earing Horv;ood 
included the r e s u l t s of two spectrographic analyses of p l a t i n o i d 
concentrates i n h i s work, but no m i n e r a l o g i c a l data were given. 
This i s u n c e r t a i n . A l e t t e r appeared i n the South A f r i c a n Mining 
Journal of 25th May, 1912 from Mr. Lewis Watkins, i n v.'hich he claimed 
t o have found platinum group metals i n the t a i l i n g s from the Aristar^ 
mine i n Klerksdorp i n I888 and 1889. 
8. 
Since 1912, several p u b l i c a t i o n s have appeared which were 
concerned mainly w i t h the V/itwatersrand gold and uranium, but i n which 
some reference was made t o the p l a t i n o i d minerals. Prentice (25) 
described the method of concentration of the p l a t i n o i d s from the ore 
and gave mine production s t a t i s t i c s f o r the years 1921 t o 1958. He' 
offeired no d e s c r i p t i o n of the m.inerals. Liebehberg (4,9) described 
s e v e r a l . p l a t i n o i d g r a i n s i n s i t u associated v f i t h p y r i t e , one g r a i n of 
which enclosed g o l d specks. He also recorded the existence of s p e r r y l i t e 
i n the r e e f s and c i t e d the rounded shape of t h i s mineral, and of the 
osmium/iridium a l l o y "grains as evidence t h a t t h e i r em.placeraent i n the 
r e e f s was d e t r i t a l . Cousins (24) demonstrated a close c o r r e l l a t i o n 
between g o l d , u r a n i n i t e , the p l a t i n o i d minerals, p y r i t e and chjr'omite 
and concluded t h a t these minerals were concentrated by a sim.llar agency 
i n v o l v i n g g r a v i t y c o n t r o l , de Kock (6) i d e n t i f i e d csmiridium, 
p l a t l n i r l d i u m , platinum, s p e r r y l i t e , cooperite and braggite i n 
concentrates from the western Witwatersrand but, as Cousins pointed 
out (3) , h i s i d e n t i f i c a t i o n of b r a g g i t e , a p a l l a d i u m - r i c h sulphide, 
vjas almost c e r t a i n l y i n c o r r e c t . 
I n 1964 Keen (5) reported the r e s u l t s of an examination of 
Witwatersrand p l a t i n o i d g r a i n s i n polished section. Although emphasis 
was l a i d on the g r a i n shapes and t h e i r genetic s i g n i f i c a n c e , Koen gave 
q u a l i t a t i v e o p t i c a l and s t r u c t u r a l data f o r one cubic a l l o y and two 
hexagonal a l l o y s of osmium and i r i d i u m . No analyses of the a l l o y s were 
c a r r i e d out, owing no doubt t o the la c k of s u i t a b l e f a c i l i t i e s a t t h a t 
time, but Koen d i d suggest t h a t "a d e t a i l e d study of the (Witwatersrand 
p l a t i n o i d ) m a t e r i a l , using e l e c t r o n microprobe techniques, w i l l undoubtedly 
provide a vrealth of a d d i t i o n a l i n f o r m a t i o n " . Hiemstra, i n h i s discussion 
of Koen's paper (7) , d i d i n f a c t quote the r e s u l t s of a microprobe 
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examination of one p l a t i n o i d p a r t i c l e , • i n which a complex sulpharsenide 
of N i , Fe, Co, Ru and Rh was i d e n t i f i e d . 
I n the most recent work on the Witwatersrand p l a t i n o i d s . Cousins {^) 
made a s t a t i s t i c a l comparison of p l a t i n o i d assay values from various 
p a r t s of the Witwatersrand basin. I n f o r m a t i o n concerning the minerals, 
however, was r e s t r i c t e d t o a summary o f p r e v i o u s l y published data, 
t o g e t h e r w i t h a b r i e f summary ( w i t h acknowledgement) o f the p r e l i m i n a r y 
r e s u l t s of the present work. 
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SECTION 3. The Scope of the 'Thesis 
Through the e f f o r t s of my ex-colleague Mr. C. A. Cousins, and 
the g e n e r o s i t y of the South A f r i c a n gold mining compajiies, a series 
of p l a t i n o i d mineral concentrates was obtained from twenty s i x gold 
mines ope r a t i n g around the Witwatersrand basin (see.table 1). I n 
a d d i t i o n , a grab sample of p l a t i n o i d - r i c h Kimberley Reef ore weighing 
about t h r e e kilograms was supplied from the Bracken gold mine 
(Map I I , no. 24). 
The b u l k of the p r a c t i c a l woi'k on these sam.ples v.'as cari'ied out 
i n the m i n e r a l o g i c a l s e c t i o n of the Johannesburg Consolidated Investment 
Co. L t d , Minerals Processing and Research Labora.tory, s i t u a t e d near 
Germiston i n the Republic of South A f r i c a . F a c i l i t i e s were a v a i l a b l e 
a t the l a b o r a t o r y f o r polished s e c t i o n preparation, r e f l e c t e d l i g h t 
miicroscopy, e l e c t r o n probe m-icroanalysis, microhardness determinations 
and X-ray d i f f r a c t i o n s tudies. I n a d d i t i o n , f a c i l i t i e s f o r r e f l e c t i v i t y 
measurements were provided f o r a short time at the South A f r i c a n National 
I n s t i t u t e ' f o r Metallurgy i n Johannesburg. 
I n d e f i n i n g the scope of the work t o be c a r r i e d out on the samples, 
c l e a r l y the a v a i l a b l e i n s t r u m e n t a l f a c i l i t i e s vfere of paramoturt importaiice. 
I n a d d i t i o n , the f o l l o i v i n ^ f a c t o r s were considered: 
There i s a p a u c i t y of i n f o r m a t i o n about the V/itwatersrand p l a t i n o i d 
minerals and both q u a l i t a t i v e and q u a n t i t a t i v e data concerning the 
i n d i v i d u a l minerals and t h e i r intergrowths would be valuable. 
V a r i a t i o n s i n the mineralogy and g r a i n size of the minerals from 
one p a r t of the Witv/atersrand basin t o a.nother, or from one group 
of I'eefs t o another have never been.investigated. Since the o r i g i n 
of the mineral p a r t i c l e s has been the subject of considerable 
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TABLE I 
GOLD MINIMS FROM WHICH PLATINOID MINERAL CONCENTRATES VJERE EXAMINED 
Gold Mine 
V i r g i n i a 
President Steyn 
President Brand 
VJelkom 
Western Holdings 
Free State Geduld 
Loraine 
Vaal Reefs 
Doornfontein 
Western Deep Levels 
West D r i e f o n t e i n 
Western Areas 
Libanon 
Venterspost 
West Rand Consolidated 
South Roodepoort 
S.A. Lands 
Government Areas 
G r o o t v l e i 
East Daggafontein 
V I a k f o n t e i n 
Sub N i g e l 
L e s l i e 
Bracken 
Winkelhaak 
Kinross 
Map I I - Reference Reef Group(s) Worked 
1 
2 
5 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
25 
24 
25 
26 
B i r d 
B i r d 
B i r d 
B i r d 
B i r d 
B i r d 
B i r d , Elsburg 
B i r d 
Main 
Main, Ventersdorp Contact 
Main, Ventersdorp Contact 
Elsbux-g 
Ma.in 
Main, Ventersdorp Contact 
Main, Kimberley, B i r d 
Ventersdorp Contact 
M^in 
Main, Kimberley, Black 
Main, Kimberley 
Main, Kimberley 
Main 
Kimberley 
KimbsrJ.ey 
Kimberley 
Kimberley 
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controversy^ such variations (or absence of variation) might 
be signj.ficant. 
In any mineralogleal investigation i t i s important, i f possible, 
t o examine the minerals i n s i t u and to describe t h e i r associations 
w i t h the other constituents of the rock or ore. However, the 
extremely low concentration of the mineral particles i n the reefs 
makes negligible, the p o s s i b i l i t y of encountering a representative 
selection of the p l a t i n o i d minerals i n s i t u , V/ork on the i n s i t u 
minerals would, therefore, be re s t r i c t e d to the examination of a 
few, chance pa r t i c l e s . 
I t was decided to divide the research work into three parts as 
follows: 
General Mineralogical Examination. 
To carry out a general mineralogical examination of pl a t i n o i d 
minej.-'als from a wide selection of gold mines, to i d e n t i f y the 
in d i v i d i i a l minerals and to describe these minerals as quantitatively 
as possible. Platinoid mineral concentrates from each of the twenty 
six gold mines l i s t e d i n table 1. were available f o r t h i s purpose. 
Examination of the Variations i n Platinoid M-ineralogy and 
Grain Size across the Witwatersrarid Basin. 
To compare, by grain counting methods, the composition and size of 
p l a t i n o i d mineral grains from the sam,e reef group and similar-geographical 
locations; from the same reef group but widely separated geographical 
locations; from d i f f e r e n t reef groups and d i f f e r e n t geographical 
locations. I t would have been p a r t i c u l a r l y interesting to compare 
mineral grains from d i f f e r e n t reef groups i n the same geographical 
location ( i . e . from the same mine). However, although several mines do 
1:5. 
extract such minerals.(see table 1.), they do so non-selectively, 
producing a composite concentrate useless f o r comparative purposes. 
Owing to the impure and fragmentary nature of many pl a t i n o i d 
concentrates^ the selection of concentrates suitable f o r grain counting 
was l i m i t e d . After careful scrutiny under the stereomicroscopej the 
concentrates from the six gold mines l i s t e d i n table 2 v/ere chosen fo r 
comparison. 
TABLE 2 
PLATINOID CQNCENTOAIES SELECTED FOR MINERA.LOG-IC/'X COMPARISON 
Gold Mine • Reef Group Local Reef Name Map I I Reference 
Welkom Bird Basal 4 
Western Holdings Bird Bsisal 5 
Free State Geduld Bird Basal 6 
Vaal Reefs Bird . Vaal 8 
Libanon Main Main 13 
S.A. Lands Main Main 17 
Examination of Platinoid Minerals i n s i t u . 
To search f o r p l a t i n o i d mineral grains i n s i t u and, i f successful, 
to examine the grains with p a r t i c u l a r reference to t h e i r associations 
with the other reef constituents. The Kimberley Reef grab sample from 
the Bracken gold mine was obtained f o r t h i s part of the investigation. 
I n the descriptions of experimental procedures and results given 
i n the following sections, frequent reference i s made to a series of 
i l l u s t r a t i v e photomicrographs. These can be found i n appendix I at the 
rear of the thesis. 
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SECTION 4. The General Mineralogy of the Platinoids 
4;. ( i ) Experimental Procedures 
Most of the v7ork on the p l a t i n o i d mj.nerals was carried cut on 
granular concentrates. I t i s appropriate, therefore, before describing 
the methods employed f o r the examination of the minerals, to outline 
the general procedure adopted by the gold mining companies to separate 
the minute p l a t i n o i d p a r t i c l e s from the ore. The following outline 
i s based on the procedure employed.by the Government Gold Mining 
Areas gold mine, and i s considered to be f a i r l y standard. 
During the extraction of gold from the crushed ore, the p l a t i n o i d 
mineral grains concentrate i n the residues of the gold amalgamating 
barrels. These residues are treated i n the following stages: 
(a) The residues are v/ashed over corduroy blankets and ri f f l e d - r u b b e r 
tables to concentrate the heavy minerals. 
(b) The heavy mineral concentrate i s panned to remove p y r i t e , etc. 
(c) Thorough treatment of the concentrate with a powerful m.agnet i s 
carried out to remove contaminants such as tramp iron (from 
crusher jaws) and cobaltiferous tungsten carbide (from d r i l l 
b i t s ) . 
(d) The non-magnetic residue i s digested with n i t r i c acid,- a f t e r 
v;hich only unamalgamated gold and p l a t i n o i d minerals should 
remain. 
(e) The gold/platinoid concentrate i s treated with sodium cyanide 
solution to render "rusty" gold amenable to amalgamation. 
'a recent e d i t i o n (1973) of the Anglo American Corporation publication,^^ 
Optima, recorded that a s i g n i f i c a n t increase i n the recovery of rusty 
gold ( i . e . gold coated t h i n l y with iron oxide) i s obtained simply by 
treatment with d i l u t e acid (HCl) before amalgamation 
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A l l gold i s then i-emoved v/ith mercury, and the p l a t i n o i d 
mineral concentrate remaining i s cleajned with acid, washed 
and then dried. 
The f i n a l concentrate should, i n theory, be pure but i n fac t , 
of the twenty six concentrates examined, most contained between ^% 
and Vj% non-platlncld material, mainly as gold and tungsten carbide, 
and some concentrates contained a very much higher proportion of 
Impurities. 
The effects of the concentration process outlined above on 
the bulk composition of a p l a t i n o i d mineral assemblage are considered 
f o r the most part to be i n s i g n i f i c a n t . H'le platinoids are highly 
r e s i s t a n t to chemical attack (25). However, the magnetic s u s c e p t i b i l i t y 
offerroplatinum, a mineral found i n minor quantities i n the V/itwatersrand 
concentrates, i s known to vary with iron content and ceji be high (26). 
V/hether the scarcity of ferroplatinum i n the concentrates i s attributable 
to the magnetic treatm.ent (stage (c)) during concentration can only 
be determined by examining either the minerals taken'directly from 
the amalgam barrels or those extracted ( i f any) by the magnet. These 
minerals are not available f o r examination. 
Pollov/ing a preliminary examination of the twenty six p l a t i n o i d 
mineral concentrates i n the raw state under the stereomicroscope 
(see photomicrographs plate I ) a polished section of each concentrate 
was prepared as follows: 
One half of each concentrate was separated by m i c r o r i f f l i n g , 
washed i n benzene and embedded, under pressure, i n thermoplastic 
(Buehler AB 20 - y\QO). Preferred orientation, although unlikely 
w i t h the generally spheroidal p l a t i n o i d particles, v;as minimised 
by mixing the pa r t i c l e s with a small quantity of thermoplastic powder 
before proceeding with the moimtlng process. The 1 inch diameter 
mounts were then sectioned with 500 grade alumina on a glass plate. 
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B r i e f semipolishing was carried put on a 600 carborundum wet paper 
lap and the sections were polished on a grooved, lead alloy lap 
with an aqueous suspension of 0.3 micron alumina. Pinal polishing 
f o r a few seconds on Eueh].er microcloth with 0.3 micron, then 0.05 
micron alumina produced a f a i r l y scratch-free surface of low r e l i e f , 
adequate f o r microprobe work or hardness and r e f l e c t i v i t y measurements. 
. During a careful examination of each polished section i n reflected 
l i g h t , a selection was made of a series of apparently homogeneous 
pa r t i c l e s representative of the individual p l a t i n o i d minerals. The 
selection .was made on the basis of colour, polishing hardness and 
qu a l i t a t i v e r e f l e c t i v i t y . The particles chosen were the largest 
that could be found. The composition and homogeneity of each 
p a r t i c l e was then checked uiider the electron microprobe and, on 
t h i s basis, each p a r t i c l e was either accepted or rejected f o r complete 
mineralogical description. Homogeneous grains of some of the less-
common minerals were never found, the minerals always occurring 
' intergrown Vfith other phases. Consequently, the description of 
these minerals in. the results i s lim i t e d . 
A f ter marking the position of each selected p a r t i c l e , by l i g h t l y 
c i r c l i n g with a diamond marker, the following systematic examination 
was carried out: 
Optical Examination i n Reflected Light. 
Using a Leitz Ortholux Pol polarising microscope with daylight-
f i l t e r e d tungsten l i g h t and both a i r - and oil-immersion objectives, 
the shape, colour., cleavage, apparent r e f l e c t i v i t y , bireflectance 
and anisotropy were noted f o r each p a r t i c l e . 
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Electron Probe Micro?malysis. 
Under the electron probe, each p a r t i c l e was examined for 
inhomogeneity and was then analysed quantitatively. 
After being cleaned with benzene, the relevant polished sections 
were coated i n groups of three with a t h i n , conductive layer of 
evaporated carbon. Standards required f o r quantitative analysis 
were coated simuTianeously with each group. 
The effect of a t h i n carbon layer on the colour of the pla t i n o i d 
minerals i n polished section i s Interesting. Hlemstra (27) noted 
that a zinc selenide coating on a p l a t i n o i d mineral Intergrowth 
enhances the colour contrast betv.'een the d i f f e r e n t phases, A 
simi l a r interference eff e c t v/as produced with carbon, although 
enhancement of contrast i s rather l i m i t e d (photomicrographs 4,5 
and 6), Osmium-rich alloys acquire a very pale brown colour which 
darkens with increasing • iridium and/or ruthemlum, Ferroplatinum. 
and s p e r r y l i t e take on a pale pinkish-brown t i n t and base metal 
sulphides become chocolate brown. The interference effects v/ere of 
some assistance i n determining grain homogeneity, but only as a 
supplement to microprobe examinati.on. 
Following the application of a conductive f i l m , each of the 
selected grains was examined and analysed under the electron probe. 
Tne relevant instrumental data and techniques are outlined below. 
Instrument: 
Japan Electron Optical Co. (JEOL) J x A - 5 SM. 
Electron probe s t a b i l i t y ( r e a l ) : j5.9 x 10 per hour. 
Electron beam size: 1 micron. 
Take-off angle: 20 degrees. 
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Goniometers: TITO (20 - 7'9 degrees two theta), gas flow 
proportional counters'(P. 10), with PET, LIF, 
KAP and MJ.ca crystals. 
Chart recorder: m.onitoring each channel and speciment cur-rent. 
Scanning electron beam display: four C.R.T.' displays monitoring-
two X-ray signals and backscatter 
electrons (B.E.I.) 
Electron photomicrography: Pentax (35 i™) and- Polaroid cameras. 
Determination of Grain Homogeneity: 
High contrast B.E.I's were examined. A l l elements i n each 
grain v;ere i d e n t i f i e d by- a chart scan. -These elements viere 
then measured (30 second counts) on several points across the 
grain surface. 
Quantitative Microanalysis: 
Spot analysis.of each mineral was carried out using 25 KV 
accelerating voltage, 0.1 microamp. absorbed current, sets 
of three 20 second counts f o r each element and standard, and 
f o r background at each side of the peaks. Standards and peaks 
used were the elem.ents: Os (Lo< , Mc< ), I r (Lc<), Pt (Lf>'. )^ 
Ru ( L c < ) , Fe ( K ^ ) , Co (Ko<), Ni (K«) and Zn (Kcx) and the 
compounds: Galena, PbS, stoichiometric ( f o r SKtx) and Gallium 
Arsenide, GaAs, stoichiometric ( f o r AsKc< and AsKB^). P^ w data 
were corrected f o r background, machine dead time, atomic number, 
secondary fluorescence and absorption effects using a computer 
- prograiTime adapted from the programme by Mason, Frost and Reed (28). 
Mass absorption coefficients etc. were those calculated by Dewey, 
Mapes and Reynolds (29). 
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. D i f f i c u l t i e s were encountered i n the quantitative 
determination of rhodi^ 'am i n the presence of ruthenium. 
Resolution of the Rh Lo< and Ru Lp, , peaks was impossible 
and, for minerals containing both elements i n si g n i f i c a n t 
amounts, rhodium was calculated by difference. In a l l other 
analyses, an element t o t a l of between 99^ and 101^ vras regarded 
as acceptable. 
Ref1ec11vlty Measurements. 
A Leitz MPV microphotometer attached to an Ortholux 
microscope was kindly made available foi ' a short time at the 
National I n s t i t u t e f o r Metallurgy i n Johannesburg. The 
stande.rd used was a polished s i l i c o n carbide block ( L e i t z ) . 
A f t er removal of the carbon f i l m from each section, r e f l e c t i v i t y 
values f o r the p l a t i n o i d mihar'aLs were determined i n a i r f o r the 
wavelengths 480 nm, 5^6 nm, 589 nm and 656 nm. For unorlented 
anisotropic sections only Rp was determined. Tnroughout the 
work, the usual precautions were taken to record r e f l e c t i v i t y 
values from l e v e l , scratch-free surfaces (30,31). A l l 
r e f l e c t i v i t y values given i n the results are percentages. 
Microhardness Determinations. 
The Vlckers microhardness number and range was determined, 
f o r each mineral whenever possible, following the procedure 
described by Young and Mlllman (32). Conditions were standardised 
as follows: 
Insti-niment: Leitz Durimet (Miniload) Hardness Tester + 
Vlckers Diamond. 
Calibration: Manufacturers stainless steel block. 
(VTIN 566-579 f o r lOOg load) 
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Tem.perature: 68 to 72 degrees P. 
Indenter lovjering time: 15 seconds. 
Indentation time: 15 seconds. 
Load: 100 grams. For very small grains a 50 gram load 
v;as -applied. 
Orientation of Indentations: Circular. 
Distance betv/een indentations: At least one indentation 
diagonal. 
Microhardness values quoted i n the results are i n Kg,/mm 
I t was noted i n Section 4 ( i ) that the pl a t i n o i d particles 
were mounted xmder pressure i n thermoplastic. Ttie pressure 
and temperature applied during mounting were 4,000 Ibs/sq.in. 
and l60°C respectively. Yoiing and Millman (32) reported that 
a soft mineral, galena, when mounted under these conditions 
gave anomolously high hardness values. Altho-ogh the p l a t i n o i d 
minerals under investigation are extremely har-d and dense, a 
series of te s t indentations was made on chalcopyrite, a mineral 
harder than galena but considerably softer than the platinoids. 
Grains of chalcopyrite similar i n size to the pl a t i n o i d grains 
under investigation (100-160 microns) were mounted and polished 
following the procedure described e a r l i e r i n t h i s section. A 
t o t a l of ten indentations were then made using a 100 gram load, 
and the range and mean hardness values determined were compared 
wit h the published data f o r chalcopyrite (33). 
Mean VHN Range 
Chalcopyrite (Test): 210 201 - 2l6 
Chalcopyrite (published): Not given 195 - 2l8 
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. Since the values obtained f o r the te s t chalcopyrite 
f a l l irfithln the published remge, the microhardness values 
obtained f o r the p l a t i n o i d minerals mounted i n thermoplastic 
are considered to be va l i d . Young and Millman (32) noted 
that "for hard minerals, the temperature-pressure effect i s 
probably negligible, since any difference ( i n microhardness) 
due. to deformational stress w i l l be less than the probable 
error of the measured values". 
Ti'jo d i f f i c u l t i e s were encountered i n the testing of the 
pl a t i n o i d p a r t i c l e s , v l z : -
(a) Although most par t i c l e s selected f o r testing were 
r e l a t i v e l y large (100 - l60 microns) and gave satisfactory 
r e s u l t s , smaller particles or minerals occurring as small 
patches Intergrovm with other phases frequently sh.attered 
on indentation even with a 50 gram load. Loads less than 
50 grams applied to the hard p l a t i n o i d minerals y i e l d 
Indentations too small f o r accurate measurement. 
Consequently, microhardness values f o r minerals occurring 
only as small particles or i n intimate intergrowths could 
not be determined. 
(b) Some hexagonal osmlum/iridium alloys have a perfect basal 
cleava^ge. Flakes of these alloys i n polished section are. 
In some Instances, extremely t h i n and give anom,olcusly low 
microhardness values. Thin flaJces were therefore avoided 
f o r t h i s stage of the v/ork. 
X-Ray D i f f r a c t i o n Studies. 
Tnls f i n a l phase i n the examination of the pl a t i n o i d 
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mineral p a r t i c l e s necessitated the extraction of each p a r t i c l e 
from section, pulverisation of the p a r t i c l e and the determination 
of d-spacings from a Deb3''e-Scherrer f i l m . 
•Extraction of each small p a r t i c l e from section was carried 
out by covering' the p a r t i c l e with a f i l m of collodion or rubber 
solution. The p a r t i c l e could then be prised loose with a sharp 
needle v;ith l i t t l e chance of i t being l o s t i n the process. 
Crushing of the p l a t i n o i d pai'ticles proved d i f f i c u l t . A 
• hardened steel percussion mortar was t o t a l l y inadequate, since 
many p a r t i c l e s were simply embedded, undamaged, in one of the 
steel surfaces. Success v/as eventually achieved by hammering 
the p a r t i c l e s between two tamgsten carbide d r i l l - b i t inserts. 
Pulverisation was adequate f o r ball-mount preparation and X-ray 
powder photography, although films of sevei'al of the harder 
minerals included d i f f r a c t i o n lines of tungsten carbide (W^C). 
For recording of f i l m s , a Debye-Scherrer powder camera (57-3 ^n. 
•X-
diameter ), a Philips PW II30 X-ray generator and i r o n - f i l t e r e d 
Co Ko< radiation were used throughout. Line measurements were 
corrected f o r f i l m shrinkage as described by Azaroff and Buerger 
(34), and l i n e i n t e n s i t i e s were graded visually. G to d 
conversions were obtained from the tables of Parrish and Mack (35)' 
A l l d-spaclngs quoted i n the results of t h i s study are i n 
Angstrom units. 
A 114.6 mm. camera was unavailable. A l l patterns were f a i r l y simple, 
however, and d-spacings are considered to be of good accuracy. Some 
back r e f l e c t i o n s (d <'0.9) were immeasurable. 
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4.(11) Results. 
In t h i s subsection, the individual p l a t i n o i d minerals found i n 
concentrates from the auriferous reefs of the Upper Vlitwatersrand 
system are described, Intergrowth textures are not discussed i n 
any detail-, these being dealt with f u l l y i n Section 5. In cases 
where b r i t t l e n e s s , size l i m i t a t i o n s or intergrowth textures have 
prevented a f u l l description of some minerals, notes to t h i s effect 
have been made i n the relevant parts of the text. 
The p l a t i n o i d minerals i d e n t i f i e d ana described include seven 
alloys of osmium and iridium, two alloys of. platinum and iron end 
f i v e arsenide, sulphide or sulpharsenlde minerals of the platinum 
group elements. 
A study of the systems of nomenclature proposed fo r the 
osmium-Iridium alloys leads to some confusion, and several alloys 
•are either poorly defined or have not been defined at a l l . In 1938, 
Zvyagintsev (36) proposed that cubic osmium-iridium alloys with 0 to 
35^ osmdum be c l a s s i f i e d i n the native iridium group,' that hexagonal 
alloys with 35 to 50^ osmium be called nevyansklte end that hexagonal 
alloys with 50 to 70^ osmium be called sysertskite. Osmium-iridium 
alloys with osmiiam > 70^ were unknown at that time. In I 9 6 I , Levy 
and Picot (37)^ i n a paper primarily describing an almost pure 
natural osmium, applied the name Iridium osmlfere to the cubic alloys, 
an.d osmiaii i r i d l f e r e and osmlridlum respectively to , the hexagonal 
alloys containing <50 atomic^ or > 50 atomic^ of osmium. Hey (38), 
in. a c r i t i c a l account of the nomenclature -of the natural osmium-iridium 
alloys, proposed the following systemi: 
X-
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Cubic S e r i e s Hexagonal S e r i e s 
Osmiridium (Os <32^) Iridosmine (0s> 32$^ ) = Nevyanskite 
I r i d i i i m (unknown i n Osmium ( O s > 80^) = S y s e r t s k i t e 
n a t u r e ) 
P l a t i n i r i d i u m (Hey gave no 
composition f o r t h i s a l l o y ) . 
Aoyama (39) d e s c r i b e d an hexagonal a l l o y of osmium, i r i d i u m 
and ruthenium, c o n t a i n i n g 40^ Os, 40^ I r and 20^ Ru, as ruthenosmiridium. 
Uytenbogaardt and Burke (40), who f o r the most p a r t employ the system 
of nomenclature proposed by Hey i n t h e i r textbook, use the name 
rutheniridosmium f o r Aoyama's mineral i n deference to i t s hexagonal• 
s t r u c t u r e . For Hey's irido s m i n e , they use the more e x p l i c i t name 
iridosmium. S n e t s i n g e r (15) d e s c r i b e d an osmium-iridium a l l o y , 
c o n t a i n i n g 29.8^ ruthenium, as iridosmine, g i v i n g no r e c o g n i t i o n to 
i t s h i g h ruthenium content. I n 1972, C a b r i ( 4 l ) published a g e n e r a l 
review of the mineralogy of the osmium,-iridium a l l o y s and of the 
osmium-iridium-ruthenium a l l o y s . He concluded f i r s t l y t h a t a general 
system of nomenclature be proposed f o r these n a t u r a l a l l o y s and 
secondly, t h a t a m i s c i b i l i t y gap probably e x i s t s i n the n a t u r a l 
• Os-Ir-Ru system, basing t h i s l a t t e r c o n c l u s i o n on published data f o r 
the s y n t h e t i c a l l o y s (l8,19). 
H a r r i s and C a b r i (42, personal communication) have proposed a 
system of nomenclature f o r the O s - I r a l l o y s and the Os-Ir-ftu a l l o y s , 
i n which they modify the system of Hey (38) and d e f i n e a l l the a l l o y s 
•X-
i n terms of s t r u c t u r e and composition. I t i s unfortunate t h a t the 
new system proposed i s complex, r e q u i r i n g very d e t a i l e d information 
about the i n d i v i d u a l m i n e r a l s . Such information on the p l a t i n o i d s 
I t i s unlmbwn to the w r i t e r i f the nomenclature has been accepted by the 
I.C.M.M.N..or p u b l i c i s e d . The present w r i t e r ' s r e f e r e n c e to the work i s 
t h e r e f o r e c o n f i d e n t i a l and not f o r p u b l i c a t i o n . 
25. 
i s frequently impossible to obtain owing to t h e i r small grain size 
and complex intergrowth textures. 
However, the description of the Witwatersrand platinoid, 
minerals given i n t h i s section i s f a i r l y comprehensive. The 
p l a t i n o i d alloys i d e n t i f i e d are l i s t e d i n table 3J together with 
the system i n which they c r y s t a l l i s e , and t h e i r compositional 
l i m i t s . The system of nomenclature used i n the table and i n the 
mineral, descriptions i s based extensively on the system proposed 
by Hey as modified by Uytenbogaardt and Burke and supplemented 
by Harris and Cabri (42). The system has been extended here to 
include the alloys of platinum and iron and the alloys found i n 
the Witwatersrand concentrates which have not previously been 
defined either i n previous publications or by Harris and Cabri. 
I n table 4, the arsenides-, sulpharsenldes and sulphides 
of the platinum group metals i d e n t i f i e d i n the concentrates are 
l i s t e d . VJhere possible, established names are used f o r these 
minerals, but minerals of uncertain nomenclature are-described 
according to t h e i r chemical composition, possible names being 
discussed i n the appropriate part of the tex t . 
26. 
TABLE 3 
•PLATINOID ALLOY MINERALS 
Mineral Symmetry Composition (Atomic %) 
Osmium Hexagonal Os > 80^ of the t o t a l elements 
Iridosmium Hexagonal Os <80^ of (Os + I r ) with no other 
element-> 10^ of the t o t a l 
Rutheniridosmium Hexagonal Os <Q(y^ of (Os + I r + Ru) 
Ru 10^ to 80^ of (Os + I r + Ru) 
No other element > 10^ of the t o t a l 
Osmiridium Cubic I r '<8Q^ of (Os + I r ) 
No other element > lO;^ of the t o t a l 
Ruthenosmiridium Cubic I r <80^ of (Os + I r + Ru) 
Ru > IC^ of (Os + I r + Ru) 
No other element > lOfo of the t o t a l 
Iridium Cubic I r > 80^ of the t o t a l elements 
Rhodiridium Cubic I r <8C^ of ( I r H- Rh) 
No other element> 10^ of the t o t a l 
•'Verroplatinura Cubic Pt <8G^ of (Pt -;- Pe) 
No other element > IC^ of the t o t a l 
Rhodoferroplatinum Cubic Pt <Qofo of (Pt + Fe + Rh) 
Rh 10 to 8Qg of (Pt + Fe + Rh) 
No other element > 10^ of the t o t a l 
Minerals not previously i d e n t i f i e d i n the l i t e r a t u r e . Most other 
alloys have been described incompletely. 
•'^ The nomenclature applied i n the l i t e r a t u r e to the Pt-Fe alloys i£ 
fa r from systematic. 
27. 
Uytenbogaardt and Bu-rke (40) describe ferroplatinum as a 
vari e t y of platinum containing 16 - 21^ Fe, and polyxen as 
platinum containing 6 - llfo Fe with some I r , Os, Rh, Ru. They 
furt h e r describe p l a t l n i r i d l u m as ir i d i u m - r i c h platinum. Their 
description of p l a t i n l r i d i u m i s clearly unsuitable. 
Cabri (41), i n a discussion of the Pt-Fe alloys. Indicates 
that there are probably three d i s t i n c t Pt-Fe phases, namely 
Pt^Fe (cubic), Pt Fe (tetragonal)and Fe^Pt (cubic). The Ft-Fe 
alloys examined i n the Witwatersrand concentrates are consistently 
Isotropic (cubic), and the two alloys described i n d e t a i l i n t h i s 
section correspond approximately i n composition to the formula 
Pt^Fe, one alloy being rhodium-rich. No name f o r Pt^Fe i s i n 
general use and, i n the descriptions of these alloys, the name 
ferroplatiniom or rhodoferroplatinum has been applied according to 
the l i m i t s of composition detailed i n table 3. 
TABLE 4 
PLATmOID ARSENIDE, SULPHAP^SMIDE AI^ D SULPLIIDE MINERAlrS 
Mineral 
Sperrylite 
Unnamed 1 
Unnamed 2 
Urinamed 3 
Laurite 
Symmetry 
Cubic 
Cubic 
Cubic 
Composition (Atomic %) or .Formula 
PtAs^ 
33% Os, 36^ I r , 29^ As + minor Ru arid Fe 
IC^ Os, 9% I r , 10^ Ru, 40^ As, 27^ S 
+ minor Pt, Ni and Fe 
38^ Rh, 57^3 + minor Os, I r , Pt and Ru. 
Poor analysis 
Ru S„ 
Tlie minerals i n table 4 almost invariably occur i n intimate 
association with other p l a t i n o i d minerals. Consequently, the 
descriptions of the minerals given l a t e r i n the section are i n most 
28. 
cases incomplete. 
During grain coun-ting of selected p l a t i n o i d concentrates 
(see Section 5), a fev; small particles xvere i d e n t i f i e d semi-
qu a n t i t a t i v e l y as platiniridosmium, platinosmiridium and 
p l a t i n i r i d i u m . However, owing to the small size and poor 
surface quality of the pa r t i c l e s , no description of these minerals 
v;as attempted. A rhodium sulpharsenide r i c h i n cobalt, i d e n t i f i e d 
q u a l i t a t i v e l y by Hiemstra (5), v?as also i d e n t i f i e d during the 
investigation but on one occasion only (see photomicrograph 6 l ) . 
Hiemstra's description of the mineral as "quite abundant" i n the 
Witwatersrand p l a t i n o i d concentrates i s erroneous and can be 
at t r i b u t e d to the close s i m i l a r i t y i n optical properties between 
t h i s mineral and the much more common sulphosalts of osmium and 
iridium. 
DESCRIPTION OF THE PLATINOID MINERALS 
THE ALI.OYS 
OSMIUM 
Homogeneous part i c l e s of osmium occur as angu].ar to subangular, 
hexagonal basal cleavage plates of varying thickness (see photo-
micrographs 45,46). 
Optical Properties 
In a i r : 
Section: Perpendicular to c-3jcis Parallel to c-axis 
Cleavage: N i l 0001 i n d i s t i n c t 
Colour: Pale blue-grey Pale blue-grey 
Bireflectance: N i l I n d i s t i n c t 
Anisotropy: Isotropic Strong; deep blue-grey to 
orange-red 
29. 
The orientation of the grains i n section i s approximate. 
In o i l , the properties are similar. Anisotropy p a r a l l e l to 0001 
i s vivid, with purple-red colours. 
The colour of osmium becomes paler .vjith increasing iridium. 
Most osmium pa r t i c l e s were o p t i c a l l y continuous. Hov/ever, one 
roughly hexagonal grain consisted of numerous randomly orientated 
osmium laths. 
Composition. Ttwee osmium grains were analysed. 
Grain 1 Grain 2 Grain 3 
Wt^ kt% Wt^ Wt^ At% 
Osmium 
Iridium 
Ruthenium 
Total 
97.1 96.8 
3.2 3.2 
92.1 92.8 80.3 80.8 
7.3 7.2 17.9 17.8 
- . 0.8 1.4 
100.3 100.0 99. •'^  100.0 99.0 100.0 
R e f l e c t i v i t y ( a i r ) . Grain 1 (section perpendicular to c-axis) and 
grain 3 (section p a r a l l e l to c-axis) were 
measured. Exact orientation of sections i s 
uncertain. 
Grain 1.'R 
Rp 
Grain 3 
Rq 
480 nm. 546 nm. 589 nm. 656 nm. 
62.9 60.1 58.2 ' 55.0 
62,9 61.5 60.3 56.5 
63.6 62.0 60.8 59.8 
R e f l e c t i v i t y increases with increasing iridium. 
Miorohardness. Grain 1 was tested. On indentation^grain 3 s p l i t 
along the basal cleavage and grain 2 was shattered. 
VHt'J (Mean) Range Load 
Grain 1 l46l 1378 - I561 lOOg 
Indentations 
12 Pec* 
Perfect, concave. 
30. 
Structure. Identical d-spacings were recorded f o r grains 1, 2 and 3. 
The structure of natural osmium i s close to that of pure 
hexagonal osmium. 
hkl 
Wits. Osmium 
d I 
Pure Osmium (43a) 
d 
100 2.363 M 2.367 
002 2.155 . M 2.160 
101 2.071 S 2.076 
102 1.593 • MV/ 1.595 
110 1.362 MW 1.3668 
105 1.227 MW 1.2300 
200 1.183 1.1840 
112 1.154 MW 1.1551 
201 1.140 MW I.l4l6 
004 1.081 W 1.0799 
202 1.039 VW 1.0383 
104 0.983 VWB 0.9827 
203 0.914 VWB 0.9145 
Visual i n t e n s i t i e s : S - Strong, M - Medium, MV - Medium weak 
VW - Very weak, B - Broad. 
IRIDOSMIUM 
Homogeneous pa r t i c l e s vary i n shape from spherical through to 
subangular. Hexagonal cleavage plates are f a i r l y conmon. (see 
photomicrographs 47 - 50). 
Optical Properties. 
In a i r : 
Section (approx.) 
Cleavage; 
Colour: 
Bireflectance: 
Anisotropy: 
Perpendicular to c-axis. Parallel to c-axis 
N i l 
White with blue-grey 
tinge 
N i l • 
N i l 
Not observed 
Blue-grey tinge i s stronger 
D i s t i n c t 
Moderate to strong. Deep 
blue-grey to orange-red. 
31. 
- , A l l properties are similar but more d i s t i n c t i n o i l . 
Colour of iridosmium becomes whiter with' increasing iridium 
Composition. Four iridosmiura grains were analysed 
Grain 1 Grain 2 * Grain 3 Grain 4 At^ At!^ Wt^ At^ 
Os .74.6 75.0 75.3 73.8 51.6 49.1 36.6 35.6 
I r 24.0 23.9 24.1 23.4 39.2 36.9 52.0 50.1 
Pt - - - - 2.9 2.7 8.4 8.0 
Ru 0.6 1.1 0.6 1.1 4.5 8.1 1.1 2.0 
Ni - • - 0.1 0.3 0.2 0.6 0.3 1.0 
Pe - - 0.4 1.4 0.8 2.6 1.0 3.3 
Total 99.2 100.0 100.5 100.0 99.2 100.0 99.4 100.0 
•X-
Grain 3 forms one hal f of a twin-•like p a r t i c l e s. Lmilar to those i l l u s t r a t e d i n phoxomicrographs 30 and j ) l . Both halves of the p a r t i c l e 
were of apparently homogeneous iridosmium. Structural examination was 
inconclusive. 
R e f l e c t i v i t y ( a i r ) . Grain 1 (isotropic) and grain 4 (anisotropic) 
were measured. 
480 nm. 546 nm. 589 nm. 656 nm. 
R 63.6 62.0 60.8 59.8 
Rp 61.7 65.7 67.1 70.4 
Rq 68.2 65.2 68.3 71.7 
Grain 4 
R e f l e c t i v i t y increases with increasing ( I r + Ftu + Pt) 
Microhardness. Grain 2 and grain 3 v/ere tested. Grain 1 shattered 
on indentation and grain 4 s p l i t along 0001 cleavage 
plane. Grain orientations are imknown. 
32. 
VHN (Mean) Range Load Indentations 
Grain 2 1314 1246 - l403 lOOg 10 Pec 
Grain 3 1110 1064 - II87 lOOg 10 Pec 
Hardness decreases as ( I r + Pt + fiu) increases 
Structure, d-spacings f o r iridosmium grains 1 and 2 were determined 
accurately. Poor patterns vjere obtained from grains 3 and. 
4 but these confirmed am hexagonal structure similar to 
grains 1 and 2 and to pure osmium, 
hkl Grain 1 ' Grain 2 I Pure Osmium (43a) 
100 2.355 2.357 M 2.367 
002 2.155 2.155 M 2.160 
101 2.066 2.068 S 2.076 
102 1.591 1.590 MW 1.595 
110 1.361 • 1.362 MW 1.3668 
103 1.232 1.228 m 1.2300 
200 N. 0* •X-N.O 1.1840 
112 1.155 1.153 1.1551 
201 1.139 1.140 m • I . l 4 l 6 
004 1.084 1.078 w 1.0799 
202 1.037 1.036 w 1.0383 
104 0.984 0.982 w/ 0.9827 
203 0.914 0.912 VW 0.9145 
*Not observed 
The structures of grains 1 and 2 are v i r t u a l l y i dentical and are 
1-
s l i g h t l y more compact than the structure of pure osmium. As would 
be expected, variations i n the r a t i o of the s i m i l a r l y size atoms 
of Os and I r produce only s l i g h t variations i n the l a t t i c e 
dimensions of the hexagonal alloys. 
RUTHENIRIDOSMIUM 
Homogeneous part i c l e s of rutheniridosmiim are mainly subspherical. 
33. 
Optical Properties 
I n a i r : 
Section (Approx.): Perpendicular to c-axis. Parallel t o c-axis 
Cleavage: N i l 
Colour: V/hite 
Bireflectanee: N i l . 
Anisotropy: N i l 
Not observed 
Same 
I n d i s t i n c t 
Deep purpie-blue to 
bronze. 
I n o i l : properties are similar but more d i s t i n c t . 
Composition. Tv/o grains of rutheniridosmium were analysed. 
.Grain 1 Grain 2 
' Wt^ At^ Wt^ At^ 
Os 29.8 22.1 46.5 42.0 
I r 22.0 16.1 39.0 34.8 
Pt 12.2 8.8 4.1 3.6 
Ru 30.4 42.1 10.1 17.2 
Rh •X-2.1 2.9 - -
Zn 2.2 4.7 - -
Ni 0.4 1.0 -- -
Fe 0.9 2.3 0.8 2.4 
Total 100.0 100.0 100.5 100.0 
By difference. 
The presence of Zn i n grain 1 i s unusual. No other 
p l a t i n o i d p a r t i c l e was found containing Zn even i n trace 
amounts. 
R e f l e c t i v i t y ( A i r ) . Grain 1 ( i s o t r o p i c ) was measured. 
480 nm. 546 rjn. 589 nm. 656 nm. 
Grain l.R 66.8 67.1 67.1 67.8 
34. 
Microhardness. Grain 1 and Grain 2 were tested. Grain 2 was p a r a l l e l 
to the c-axis i n section, 
VHN (Mean) Range Load Indentations 
Grain 1. 1344 I267 - 1436 lOOg 10 Pec 
Grain 2. 1224 II50 - 1267 lOOg 7 Pec 
No f r a c t u r i n g of grain 2 along cleavage planes was detected. 
Microhardness of rutheniridosmium appears to increase with 
increasing ruthenium content. 
Structure.d-spacings f o r grains 1 and 2 were measurered. 
hkl Grain 1 Grain 2 I P-are Osmium (43a) 
100 2.339 2.354 M 2.367 
002 2.138 2.166 M 2.160 
101 2. 052 2.064 S 2.076 
102 1.585 1.587 MlAf 1.595 
110 1.354 1.360 MW 1.3668 
103 1.229 1.231 MW 1.2300 
200 1.173 1.176 W 1.1840 
112 1.150 1.153 MW 1.1551 
201 1.134 1.139 mj I . l 4 l 6 
004 1.078 1.080 W 1.0799 
202 1.033 1.036 VW 1.0383 
104 0.981 0.984 W 0.9827 
203 0.910 0.915 0.9145 
Contraction of the l a t t i c e of the ruthenium-rich grain 1 i s evident 
when compared v/ith grain 2 and pure osmium 
OSMIRIDIUI'4 
Homogeneous pa r t i c l e s of osmiridium are almost invariably 
well-rounded and rare l y shov; subhedral crystal outlines (see 
photomicrographs 50, 53). 
35. 
Optical Properties. (Orientation unknown) 
In a i r and o i l : 
Colour: Creamy white. Yelloh'ish against osmium and iridosmium. 
Cleavage: N i l 
Bireflectance: N i l 
Anisotropy: Isotropic 
Composition. Two grains of osmiridium were analysed. Grain 1 i s 
extremely close i n composition to native iridium. 
Grain 1 Grain 2 
Wt^ At^ Wt^ At^ 
Os 1.2 1.1 20.6 20.0 
I r 88.9 79.9 73.9 70.7 
Ru 5.6 9.6 4.4 8.0 
Ni 1.2 3.5 - -
Fe 1.9 5.9 0.4 1.3 
Total 98.8 100.0 99.3 100.0 
In both minerals, the presence of small amounts of rhodium i s 
suspected but could not be confirmed. 
R e f l e c t i v i t y ( a i r ) . Grain 2 was measured. 
480 nm. 546,nm. 589 nm. 656 nm. 
Grain 2.R 68.0 69.6 70.3 72.5 
Microhardness. Grain 1 and grain 2 were tested. 
VHN mean Range Load Indentations 
Grain 1 676 585 - 803 lOOg 10 Pec 
Grain 2 953 835 - 1064 lOOg 10 Pec 
Ha.rdness decreases with increasing I r . 
36. 
Structure. Identical d-spacings Yiere determined f o r grains 1 and 2. 
The structure corresponds f a i r l y well to the pure iridium 
structure. 
hkl Grains 1 & 2 I Pure Iridium (43b) 
111 2.205 S 2.220. 
200 1.910 M 1.9197 
220 1.351 M 1.3575 
311 1.152 M 1.1574 
222 1.103 W 1.1082 
400 0.957 . VW 0.9598 
RUTHENOSMIRIDIUM 
This a l l o y i s similar to osmiridium both i n i t s shape as free 
p a r t i c l e s and i n i t s o p t i c a l properties i n reflected l i g h t . I t i s 
creamy white i n colour and isotropic. 
Composition. Two grains were analysed. 
Grain 1 
Wt^ At^ 
Grain 2 
Wt^ At% 
Os 15.3 13.1 0.2 0.2 
I r 55.8 46.9 84.1 71.4 
Pt 9.3 7.7 1.1 0.9 
Ru 17.1 27.3 12.5 20.2 
Rh 
•it-
1.6 ' 2.5 - -
Ni 0.3 0.8 0.6 1.7 
Fe 0.6 1.7 1.9 5.6 
Total 100.0 100.0 100.4 100.0 
By difference 
37. 
Grain'2 i s extremely close i n composition to rutheniridium, a 
mineral not described from the V/itv7atersrand concentrates or 
i d e n t i f i e d by previous workers. 
R e f l e c t i v i t y ( a i r ) . Ruthenosmiridiura grains 1 and 2 v.'ere measured. 
Orientation of grains i s unknown. 
480 nm. 546 nm. 589 nra. 656 nm. 
Grain 1. R 69.4 71.1 71.1 72.6 
Grain 2. R 68.3 71.6 71.8 73-0 
Microhardness. Grains 1 and 2 v^ fere tested. 
VHN mean Ptange Load Indentations 
Grain 1 1027 946 - 1132 lOOg 10 P 
Grain 2 872 792 - 946 lOOg 12 P 
Grain 1, richer i n Os and Ru, i s harder than grain 2. 
Structure, d-spacings were recorded f o r grains 1 and 2. Both grains 
are similar i n structure and correspond well with pure 
ir i d i u m 
hkl Grain 1 Grain 2 I Pure Iridium (43b) 
111 2.199 2.200 S 2.220 
200 1.911 1.904 M 1.9197 
220 1.350 1.348 M 1.3575 . 
311 1.152 1.149 M 1.1574 
222 1.103 1.099 W 1.1082 
400 0.955 N.M.* VW 0.9598 
Too diffuse f o r measurement 
IRIDIUM 
No op t i c a l d i s t i n c t i o n could be made between iridium, osmiridium 
and ruthenosmiridium either as loose grains or i n polished section. 
38. 
Iridium i s creamy white i n section, yellowish compared to osmium, 
iridosmium or the p l a t i n o i d sulphosalts, and i s isotropic. 
Composition. One grain has been analysed. 
Grain 1 
Wt^ At^ 
I r 89.7 83,6 
Pt 3.3 2,7 
Ru 6,2 11,0 
Fe 0,8 2,7 
Total 100,0 100,0 
Os was not detected. 
I t i s noteworthy that, according to the proposed nomenclature of 
Harris and Cabri (4l)^ ruthenium> IC^ receives no recognition i n t h i s 
mineral name, whereas when ruthenium > IQ^ i n iridosmine and osmiridium 
the p r e f i x ruthen- i s attached to the mineral name. This seems to be 
inconsistent. 
R e f l e c t i v i t y . No quantitative data were obtained. Visually, the 
r e f l e c t i v i t y of ir i d i u m i s ^  osmium, > iridosmium 
and approximately equal to osmiridium and ruthenosmiridium. 
Microhardness, Grain 1 was tested, 
VHN mean Range Load Indentations 
Grain 1 820 777 - 858 iOOg 7 P 
I t i s notable that the microhardness of t h i s native iridiiom grain 
i s greater than that recorded f o r the osmiridium grain 1. Either 
the minor differences i n Ru and Pt, or the orientation of the grains 
i n section seems to be responsible. 
Structure, The d-spacings of ir i d i u m grain 1 correspond very closely 
to those of osrairiaium and ruthenosmiridiura. Relative l i n e 
39. 
i n t e n s i t i e s (visual) are the same. 
hkl Osmiridium 1 
111 2.199 
200 1.905 
220 1 . 3 4 8 
311 1.151 
222 1.103 
400 0.957 
PJigpiRLDIU-M' 
Rhodiridium i s o p t i c a l l y i d e n t i c a l to osmiridium, ruthenosmiridium,-
and iridium. The mineral i s isotropic. 
Composition. One grain was analysed. 
Grain 1 
Wt^ At^ 
I r 7 4 . 5 5 9 . 3 
5 . 4 4 . 2 
RLI 0 . 4 0.6 
Rh 16.7 2 4 . 8 
Ni 0 . 9 2 . 4 
Fe 3 . 2 8 . 7 
Total 1 0 1 . 1 1 0 0 . 0 
The contribution of Ru L p, to the Rli Lc< peak i s considered to 
be negl i g i b l e , and the high analytical t o t a l i s not accounted f o r 
R e f l e c t i v i t y ( a i r ) . Grain 1 (unkno;«i orientation). 
4 8 0 nm. 5 4 6 nm. 589 nm. 656 nm. 
Grain 1 . R 68.6 71.2 72.4 73.6 
These are the highest r e f l e c t i v i t i e s recorded f o r any of the 
p l a t i n o i d minerals. Tlie native iridium alloy may show s l i g h t l y 
higher reflectance. 
40, 
Microhardness, Rhodiridium grain 1 was tested, 
VHN mean Range Load Indentations 
. Grain 1 868 782 - 1003 lOOg 10 P 
Tne mean hardness number and range are s l i g h t l y higher than 
f o r native iridium. 
I t was noted during the testing of t h i s grain that the indentations 
show e l a s t i c recovery of up to 2QP/o oyer a period of several hours. No 
measurable variations i n indentation diagonals could be detected, however, 
over the two to three minute period required f o r the measurement of 
each indentation. 
Structure, d-spacings determined f o r rhodiridium grain 1 indicate a 
s l i g h t l y more compact structure than osmiridium, ruthen-
osmiridium and iridium. Relative l i n e i n t e n s i t i e s are 
similar. 
hkl P^iodiridium- 1 
111 2.196 
200 1.896 
220 1.343 
311 1.148 • 
222 1.099 
400 0.954 
FERROPIATII^ 
Few homogeneous pa r t i c l e s of t h i s alloy were found i n the 
Witwatersrand concentrates. The mineral occurs most commonly either 
f i n e l y intergrovm with other p l a t i n o i d minerals or as particles enclosed 
i n a s p e r r y l i t e or sulpharsenide shell (see photomicrographs 59, 6I) . 
Optical Properties (Unknown orientation). 
41. 
A i r and O i l : 
Colour: White, a f a i n t creamy yellow t i n t i s apparent 
compared with iridosmine, osmiridium, sp e r r y l i t e 
or the sulphosalts of Os - I r . 
Bireflectance: N i l 
Anisotropy: Isotropic 
The Witwatersrand ferroplatinum does not show com.plete extinction. 
Composition. One example of t h i s mineral was analysed. , The ferroplatinum 
formed an i n t r i c a t e intergrowth with a sulpharsenide 
mineral of osmiujn and iridium. 
Grain 1 
Wt^ 
Pt 73.6 59.6 
Fe 5.7 16.1 
Os 6.8 5.6 
3.8 3.2 
Ru 5.3 8.3 
, ^* Rh 4.8 7.5 
Total 100.0 100.1 
By difference. 
Semiquantitative analyses of other ferroplatinum grains indicate 
a considerable v a r i a t i o n i n the content of Os, I r and Ftu. 
. No data on r e f l e c t i v i t y , microhardness or structure could be 
obtained. The all o y i s cubic with a formula close to Pt^Fe. 
RKODOFERROPLATINUT^  
This a l l o y i s extremely rare. I t s general mode of occurrence and 
opti c a l properties are the same as f o r ferroplatinum. I t i s isotropic 
and presumed to be of cubic symm.etry. 
Composition, One example of rhodoferroplatinum, enclosed i n a 
p l a t i n o i d sulpharsenide and s p e r r y l i t e , was analysed. 
Grain 1 
At^ 
Pt 78.7 57.6 
Fe 8.7 22.2 
Os 0.2 0,2 
I r 0.7 0.5 
Rh 13.5 18,7 
Ni 0.3 0,8 
Total 102.1 100.0 
The high analysis t o t a l i s unexplained. 
• No ruthenium could be detected i n the alloy. 
The a l l o y formula approximates to Pt^FeRh. 
R e f l e c t i v i t y ( a i r ) . Grain 1 was measured, 
480 nm. 5 4 6 nm. 589 nm. 656 nm. 
Rhodoferroplatinum 
l.R 6 4 . 1 66,7, 67,5 70.6 
Normal ferroplatinum shows s l i g h t l y higher r e f l e c t i v i t y i n 
white l i g h t than rhodoferroplatinum. 
Microhardness. Grain 1 was tested. 
VHN mean Range Load Indentations 
Riiodoferroplatinuffi 1 , 454 4 2 0 - 478 lOOg 4 P 
The microhardness range f o r platinum (unspecified composition) 
was given by Young and Millman (32) as 229 - 274, The high hardness 
value of rhodoferroplatinum can only be a t t r i b u t e d to the rhodium 
content of t h i s a l l o y , since Uytenbogaardt and Burke ( 4 0 ) state that 
the hardness of platinum i s lowest f o r the i r o n - r i c h specimens. 
Structure, Attempts to obtain a satisfactory powder pattern for 
rhodoferroplatinum were unsuccessful ov/ing to i t s close 
association with other minerals. • 
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THE PLATINOID ARSENIDES, SULPHARSENIDES AND SULPHIDES 
SPERR^ T^ ITE 
A few, small angular particles of s p e r r y l i t e were encountered 
i n the concentrates. However, the mineral occurs most commonly as 
an outer s h e l l enclosing other plati n o i d minerals and appears, i n 
some instances, to be replacing those minerals (see photomicrographs 
17 - 20, 23). The p o s s i b i l i t y that the s p e r r y l i t e shells were 
deposited around p l a t i n o i d alloy particles i n s i t u i n the reefs cannot 
be dismissed, although the geochemical environment necessary f o r such 
an occurrence would be highly unusual. 
Optical Properties. 
Colour: White with a grey tinge. I n o i l and compared with 
osmiridiura, iridium and ferroplatinum, a d i s t i n c t 
blue t i n t i s v i s i b l e . Sperrylite i s l i g h t e r than 
the arsenides, and sulpharsenides of osmium and 
iri d i u m . 
The mineral i s iso t r o p i c . 
Only microprobe and X-ray d i f f r a c t i o n work was possible on the 
s p e r r y l i t e . Hardness tests were unsuccessful owing to grain 
f r a c t u r i n g . 
Composition. Three s p e r r y l i t e grains were analysed. Grains 2 and 3 
form the rim of i n s i t u grain A, described i n section 6. 
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Grain 1 Grain 2 Grain 5 
Pt 55.7 32 .6 41.3 19.7 31.9 13.7 
As 42.0 63.8 37.2 46.4 3 1 . ^ 35 .1 
Ru - - 6.6 6.1 14.2- 11.7 
S 0.7 2.6 8.2 24.0 13.5 34.8 
I r . - 2.6 7 .6 3.3 
•X- * Rh - - 1.1 1.0 1.5 1.2 
Co ^ 0.5 0.6 - - - -
Fe 0.7 • 2.6 0.2 0.2 0.1 0.2 
T o t a l 98.9 100.0 100oO 100.0 100.0 100.0 
* Rh by d i f f e r e n c e . 
Grain 1 i s a normal s p e r r y l i t e v j i t h the formula PtAs^. Grains 
2 and 3 are considered t o be s o l i d s o l u t i o n s of l a u r l t e i n s p e r r j d i t e , 
although t h e (As + S) t o t a l i n each case i s excessive f o r stoicheometric 
RuS^ + PtAs^. 
S t r u c t u r e . A b a l l mount of s p e r r y l i t e g f a i n 1 v;as prepared. Although 
an exposure of several hours was given^ the powder f i l m 
produced v;as too l i g h t t o give accurate values f o r a l l except 
one of the back r e f l e c t i o n s . The f r o n t r e f l e c t i o n s were 
measured accurately, however, and show very close correspondence 
t o the published data f o r s p e r r y l i t e . 
h i l Grain 1 I Pure s p e r r y l i t e (4,5c) 
111 3.^40 M 3.^3 
200 2.980 M 2.98 
210 2.665 W 2.67 
211 • 2.430 W 2.43 • 
220 2.104 M 2 .11 
311 1.79^ S , 1.801 
222 1.720 W 1.719 
+ 26 other l i n e s 
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UMAMED MINERAL 1. OSMim IRIDIUM ARSENIDE 
(See photomicrograph 2h) 
A mineral corresponding i n composition t o an osmium i r i d i u m 
V- arsenide was observed on several occasions, forming a r i m around 
p l a t i n o i d a l l o y s , and as an intermediate zone betv;een a p l a t i n o i d 
a l l o y core and a s p e r r y l i t e or sulpharsenide r i m i n composite, 
c o n c e n t r i c a l l y zoned p a r t i c l e s . I n some such composite p a r t i c l e s , 
the arsenide of osmium and i r i d i u m i s f i n e l y intergrown w i t h , or 
grades i n t o a sulpharsenide of osmium and i r i d i u m . Small patches of 
gold are common between the a l l o y core and the intermediate arsenide 
zone. 
O p t i c a l Properties (unknown o r i e n t a t i o n ) 
Cleavage: N i l 
Colour: I n a i r : Grey-whitej w i t h a s l i g h t blue t i n g e compared 
w i t h the i r i d i u m - r i c h p l a t i n o i d a l l o y s . 
I n o i l : Fale grey w i t h a d i s t i n c t blue t i n g e . 
B i r e f l e c t a n c e : D i s t i n c t i n o i l . 
A nisotropy: Strong. I n a i r : L i g h t grey-blue t o dark grey. 
I n o i l : Medium gr-ey-blue t o grey-brov/n. 
A number of small c r y s t a l aggregates of osmium i r i d i u m arsenide 
were found comprising a mosaic of unoriented, anhedral c r y s t a l s 3 t o 5 
microns i n diameter. No s i g n i f i c a n t v a r i a t i o n i n composition was found 
between one c r y s t a l and another. 
Composition. One small patch o f chemically and o p t i c a l l y homogeneous 
osmium i r i d i i i m arsenide was analysed. 
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Grain 1 
Os 39.8 32.7 
I r 44.6 36.3 
As ' , 13 .8 28.9 
Ru 1.1 1.7 
Fe 0.2 0 .4 
T o t a l 99.5 100.0 
From the a n a l y s i s , the formula f o r the mineral i s ( O s , I r ) As. 
The a n a l y s i s was checked and seems good, and no e r r o r e i t h e r i n 
measurement or c a l c u l a t i o n can be found. No reference t o an osmium 
i r i d i u m arsenide was found i n the l i t e r a t u r e . 
R e f l e c t i v i t y ( a i r ) . . Measurements were cax^ried out on the analysed 
g r a i n . Only minimum values (Rp) was determined. 
.480 nm. 546 lun. 589 ran. 6 .^6 nm. 
Rp 56.2 ' 55 .6 . 54 .6 5 4 . 1 
The mineral corresponds f a i r l y w e l l t o s p e r r y l i t e i n mini:n\im. 
r e f l e c t i v i t y ( 3 9 ) . 
Microhardness. The analysed gr-ain was t e s t e d . 
VHN mean Range Load Indentations 
1025 985 - 1049 50g 4 Pec. 
S t r u c t u r e . E f f o r t s t o separate a reasonably pure sample of the 
arsenide f o r powder d i f f r a c t o m e t r y were unsuccessful. 
I n t h e absence of s t r u c t u r a l data, no attempt has been made t o 
name the m i n e r a l . I t p o s s i b l y represents the pure arsenide end-member 
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of a s e r i e s v;hich includes the sulpharsenlde described below. 
UNNAMED MIMER.AL 2 . . OST-IIUM IRIDIUM RTJTIiENIUM SULPHARSENIDE 
This mineral was found i n t i m a t e l y associated w i t h the arsenide 
of osmium and i r i d i u m and i s considered t o be c l o s e l y r e l a t e d . The 
i n t e r g r o i r t h s surround, and seem t o replace osm3\ridium or more r a r e l y 
iridosmium' (see photomicrographs 22, 23 and p l a t e X). 
O p t i c a l Properties (Unknown o r i e n t a t i o n ) 
I n a i r and o i l ; 
Colour: L i g h t grey w i t h o u t a blue t i n t . S p e r r y l i t e i s l i g h t e r 
i n c o n t r a s t . Colour i s s l i g h t l y darker i n o i l . 
B i r e f l e c t a n o e : Not observed. 
Anisotropy: Some sections a r e ' i s o t r o p i c , while others show 
s l i g h t t o moderate anisotropy. V a r i a t i o n s i n the 
As:S r a t i o are believed t o c o n t r i b u t e t o the 
v a r i a t i o n i n anisotropism, but o r i e n t a t i o n i n 
s e c t i o n i s probably the major f a c t o r . . 
Several c r y s t a l aggregates of t h i s mineral ivere seen, s i m i l a r t o 
those described f o r the osmium i r i d i u m arsenide. 
Composition. Phase 1 of the i n s i t u gi'-ain B, described i n s e c t i o n 6, 
• was analysed. 
A t ^ 
Os 21.3 10.4 
I r 18.0 8.7 
Pt 5.0 2 .2 
Ru 11.4 10.4 
As 3 2 . 1 39-9 
S 9.4 21A 
Ni 0 .4 0-1 
Fe 0.2 0 .3 
T o t a l 97.8 100.0 
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The low t o t a l probably represents undetected rhodium. 
Several grains of the mineral examined s e m i q u a n t i t a t i v e l y show 
considerable v a r i a t i o n s i n the As:S r a t i o and i n the r e l a t i v e pro-
p o r t i o n s of Os, I i ' , Ru and sometimes Pt. However, no pure sulphide 
mineral was found. 
From the analysis d e t a i l e d above, an approximate formula f o r 
the mineral i s (Os, Ru, I r ) AsS. The correspondence, t h e r e f o r e , of 
t h i s m i n e r a l , i n both o p t i c a l p r o p e r t i e s and composition, t o the 
monoclinic mineral o s a r s i t e described by Snetsinger (44) i s f a i r l y 
good. The formula given f o r o s a r s i t e i s (Os, Ru, N i , I r , Pd, Pt, Rh) AsS. 
I r a s i t e , described by Genkin e t . a l . (45) has the formula 
( I r , Rh, Ru, Pt) AsS and i s i s o t r o p i c . 
U n f o r t u n a t e l y , no data were obtained on the r e f l e c t i v i t y , 
microhardness and s t r u c t u r e of the Witwatersrand mineral. Damage t o 
the i n s i t u p a r t i c l e was avoided and other examples of the mineral 
were u n s u i t a b l e , e i t h e r i n s i z e , p o l i s h or i n t e r g r o w t h , f o r q u a n t i t a t i v e 
t e s t i n g . 
UNNAJ^D MINERAL 3- RHODIUM SULPHIDE 
Only one occurrence of t h i s mineral was p o s i t i v e l y i d e n t i f i e d . 
The mineral was found as f l a k e s along the 0001 cleavage planes of 
iridosmium (see photomicrograph 5 8 ) . 
The mineral i s white i n a i r w i t h a d i s t i n c t grey t i n t . I n o i l , 
a f a i n t blue t i n t i s present. Rhodium sulphide i s i s o t r o p i c with 
49. 
r e f l e c t i v i t y <iridosmium, <osmiridium, < 3 p e r r y l i t e . a n d '> osmium 
i r i d i u m arsenide. No r e l i a b l e , q u a n t i t a t i v e data on e i t h e r 
r e f l e c t i v i t y , hardness or s t r u c t u r e could be obtained. A q u a n t i t a t i v e 
microanalysis of the mineral gave the f o l l o w i n g r e s u l t s : 
Wt^ A t ^ 
Rh 62.2 ' 37.9 
S 29.2 57 .1 
Os 3.5 1.2 
I r 8.7 2.8 
Pt 1.2 0 .4 
Ru 1.1 0.7 
T o t a l . 106.0 100.1 
The h i g h element t o t a l i s a t t r i b u t e d t o the poor surface q u a l i t y 
and t o the thinness of the analysed mineral f l a k e . 
S i m i l a r i t y i n o p t i c a l p r o p e r t i e s i s apparent betvjeen t h i s rhodium 
sulphide and K o l l i n g w o r t h i t e , (Rh,Pt,Pd)(As,S)2,- described by Stumpfl 
and Clark (46). However, the absence of. arsenic suggests t h a t the 
mineral i s the rhodium equivalent of l a u r i t e , RuS^. 
LAURITE 
Several grains of l a u r i t e were i d e n t i f i e d i n the Witwatersrand 
concentrates (see photomicrographs 4o and p l a t e X). The mineral i s 
white w i t h a pale grey-blue t i n t (darker i n o i l ) , i s o t r o p i c and 
extremely hard: hardness > osmium, ^  iridosmium and ^ osmiridium. 
I n composition, the Witwatersrand l a u r i t e i s s i m i l a r t o the Merensky 
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Reef l a u r i t e and t o some l a u r i t e s described by Leonard e t . a l . ( 4 7 ) . 
Ruthenium and sulphur are the predominant c o n s t i t u e n t s and osmium, 
i r i d i u m and platinum were detected i n minor amounts. No s t r u c t u r a l 
e v a l u a t i o n of the Witwatersrand l a u r i t e was possible. 
5 1 . 
SECTION 5- V a r i a t i o n s i n P l a t i n o i d Mineralogy and Grain 
Size across the Witwatersrand Basin 
5. ( i ) Experimental Procedures. 
P l a t i n o i d mineral concentrates from s i x geld mines (see s e c t i o n 3, 
t a b l e 2 ) were chosen f o r comparison. The s e l e c t i o n of samples 
s u i t a b l e f o r g r a i n counting was subject t o the f o l l o w i n g l i m i t a t i o n s : 
The samples must o r i g i n a t e i n mines e x p l o i t i n g only 
one r e e f group. 
The mineral grains i n each sample must not have been 
a r t i f i c i a l l y fragmented. Many samples, among v;hich the 
East Daggafontein. Government Areas and Venterspost gold 
mine concentrates are notable examples, have c l e a r l y been 
fragmented d u r i n g crushing and concentration. Such sam.ples 
are u n s u i t a b l e f o r the d e s c r i p t i o n of mineral in t e r g r o w t i i s and 
n a t u r a l g r a i n sizes and were r e j e c t e d f o r g r a i n count purposes. 
The samples must be f r e e from excessive contaminant 
m a t e r i a l such as gold, tungsten carbide and tungsten lamp 
f i l a m e n t s . Very impure concentrates were obtained from the 
V l a k f o n t e i n . Sub Nig e l and G r o o t v l e i gold mines. Severe acid 
treatment t o remove the n o n - p l a t i n o i d i m p u r i t i e s was s p e c i f i c a l l y 
avoided since the e f f e c t s on the o v e r a l l mineralogy of the 
concentrates could not be pr e d i c t e d . 
The mineral and g r a i n s i z e d i s t r i b u t i o n s f o r each of the s i x 
samples were determined by g r a i n counting. Because the i d e n t i f i c a t i o n 
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of many of the minerals i s impossible m i c r o s c o p i c a l l y , gi^aln counting 
was c a r r i e d out under the e l e c t r o n microprobe. A higJily automated 
approach t o probe counting, f o r the modal analysis of a simple 
s i l i c a t e assemblage, v/as described by K e i l ( 4 8 ) . However, the la c k 
of f a c i l i t i e s and above a l l the m i n e r a l o g i c a l complexity of the 
p l a t i n o i d concentrates d i c t a t e d a manual approach t o the g r a i n counting, 
and the basic procedure described by Barringer (49) was followed. By 
moving the polished sections over an imaginary 36 x 36 gr'id 
(^ m.m i n t e r v a l s ) , a t o t a l of 1296 points were counted i n each 
s e c t i o n . The i n t e r s e c t i o n of the cross-hairs incorporated i n the 
probe o p t i c a l microscope was used as the reference p o i n t . A t o t a l of 
2799 p l a t i n o i d p a r t i c l e s were I n t e r s e c t e d , made up of between 450 and 
500 p a r t i c l e s i n each of the s i x sections and the properties of every 
p a r t i c l e were recorded according t o the f o l l o w i n g scheme: 
I n t e r g r o w t h Texture. 
Each p a r t i c l e was placed i n t o one of f i v e categories according 
t o the i n t e r g r o w t h t e x t u r e i t e x h i b i t e d . 
Homogeneous p a r t i c l e s . 
Concentric i n t e r g r o w t h . 
Linear i n t e r g r o w t h . 
I n c l u s i o n s . 
I r r e g u l a r intergi-'ovrfch. 
D e f i n i t i o n s of each t e x t u r a l category are given i n the r e s u l t s 
( s e c t i o n 5 ( 1 1 ) ) . 
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Composition. 
Accurate chemical and s t r u c t u r a l analyses of 2799 p a r t i c l e s , 
many comprising tv/o or more minerals, were c l e a r l y imp'^actical. 
Instead,- each mineral i n every g r a i n was i d e n t i f i e d on the basis of 
se m i q u a n t i t a t i v e chemical composition. For the most p a r t , the system 
of nomenclature d e t a i l e d i n s e c t i o n 4, t a b l e 3 was used, but, f o r the 
d i s t i n c t i o n between iridosmium and osmiridium (based on s t r u c t u r e i n 
t a b l e 3 ) j Key's d e f i n i t i o n s of iridosmium and osmiridium were applied, 
t a k i n g 32^ Os ( o f Os + I r ) as the p o i n t of d i v i s i o n between the two 
minerals. 
The c l a s s i f i c a t i o n of p l a t i n o i d a l l o y s close i n composition t o 
a phase boundary was of r e l a t i v e l y low accuracy. 
S i m i l a r l y , the accuracy w i t h which ruthenium- and rhodium-rich 
a l l o y s were c l a s s i f i e d i s l i m i t e d . High Z.A.F. c o r r e c t i o n f a c t o r s are 
inv o l v e d i n the microprobe determination of these elements i n a m a t r i x 
o f the heavy platinum group elements, as the f o l l o w i n g example 
demonstrates: 
e.g. Wt^ (Uncorrected) Wt^ (Corrected) 
Os 45.5 46.5 
I r 38 .4 39.0 
Pt 4 .0 4 . 1 
Ru 3 . 6 10 .1 
Fe 0 . 8 0 .8 
100.5 
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Absorption of Ru Lcx at a t a k e o f f angle of 20 i s strong, and i s 
the main reason f o r the high c o r r e c t i o n f a c t o r necessary. Notwithstanding 
the l i m i t a t i o n s i n v o l v e d , i d e n t i f i c a t i o n of t h e ' p l a t i n o i d minerals can 
be c a r r i e d out w i t h much higher p r e c i s i o n under the probe than could 
be achieved using the microscope. As noted e a r l i e r , some minerals 
can not be resolved a t a l l o p t i c a l l y . Photomicrographs 7 and 8 
i l l u s t r a t e the p o i n t w e l l . 
The s e m i q u a n t i t a t i v e microanalysis of each mineral was c a r r i e d 
out by accumulating counts f o r 20 seconds at one p o i n t on the mineral 
f o r the elements Os, I r , Pt, Ru and Fe. Rh, S and As were looked f o r 
and determined when present. I n c l u s i o n s of base metal sulphides and 
s i l i c a t e s were e a s i l y d i s t i n g u i s h e d on the B.E.I, scanning image and 
these minerals, together w i t h the sulphides, sulpharsenides and arsenides 
of the p l a t i n o i d elements, v;ere c l a s s i f i e d according t o t h e i r major 
c o n s t i t u e n t elements. Counts on standard elements were taken at t e n -
p a r t i c l e i n t e r v a l s and background values f o r elements and standards 
were recorded v i s u a l l y from the ratemeters. Microprobe operating 
c o n d i t i o n s were standardised f o r each mineral, at 25 K7/ a c c e l e r a t i n g 
v o l t a g e , 0 . 1 microampere sample c u r r e n t . For the p l a t i n o i d a l l o y s , 
observed concentrations of the c o n s t i t u e n t elements were corrected by 
comparison w i t h an a l l o y of s i m i l a r composition described i n s e c t i o n 4. 
Grain Shape. 
No s t a t i s t i c a l d e t e rmination of roundness or s p h e r i c i t y were c a r r i e d 
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out. Only the general features of the p l a t i n o i d g r a i n shapes are 
discussed i n the r e s u l t s , reference being m.ade t o photomlcrograplis 
i n which g r a i n shapes of p a r t i c u l a r I n t e r e s t are i l l u s t r a t e d . 
Grain Size. 
To compare the g r a i n s i z e d i s t r i b u t i o n o f the p l a t i n o i d p a r t i c l e s 
from .one concentrate t o another, the nominal s e c t i o n a l diameter (df, ) 
of each p a r t i c l e was determined ( 5 0 ) . This s i z e parameter, more 
r e a l i s t i c than sieve s i z e , i s equivalent t o the diameter of a c i r c l e 
equal t o the area of the p a r t i c l e i n s e c t i o n and i s given by the formula: 
dpi = L X B, where L i s the maximum diameter of the p a r t i c l e i n 
s e c t i o n , and B i s the diameter at r i g h t angles t o L. A g r a t i c u l e i n 
the ocular of the microprobe o p t i c a l system allowed measurements of 
l e n g t h t o be made t o w i t h i n one micron. A small e r r o r i s Introduced 
by the measurement of p a r t i c l e s i n s e c t i o n , r a t h e r than as loose grains 
i n p r o f i l e . Packham (51) has described a laborious procedure f o r the 
c o r r e c t i o n of t h i s e r r o r u s i n g cumulative size frequency d i s t r i b u t i o n 
curves. However, the e r r o r i s small and, since the g r a i n size d i s t r i b u t i o n 
o f the s i x concentrates was determined f o r the purposes of comparison, 
a c o r r e c t i o n f o r s e c t i o n i n g e r r o r can be s a f e l y ignored. The p o s s i b i l i t y 
o f p r e f e r r e d o r i e n t a t i o n a f f e c t i n g the p a r t i c l e size measurements was 
considered. Some t a b u l a r p a r t i c l e s , notably of osmium and Iridosmium, 
do occur i n the concentrates and these could show pr e f e r r e d (maximum area) 
o r i e n t a t i o n i n s e c t i o n , p a r t i c u l a r l y i f mounted i n a c o l d - s e t t i n g l i q u i d 
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r e s i n . With the mounting process described i n s e c t i o n 4 ( i ) , however, 
o r i e n t a t i o n of p a r t i c l e s i s considered t o be close t o random. 
5 . ( i i ) Results. 
• P l a t i n o i d M i n e r a l I n t e r g r o w t h s . 
Results viere provided by the mining companies of analyses of 
p l a t i n o i d mineral batches t y p i c a l of those from which the m i n e r a l o g i c a l 
concentrate samples were taken. These r e s u l t s are given i n t a b l e 5. 
A l l values are weight ^, corrected t o 100^ f o r the platinum group 
elements. 
• • TABLE 5.. 
T y p i c a l P l a t i n o i d M i n e r a l Ba t c h Analyses 
Rh Mine Reef Os I r Pt Ru 
Welkom B i r d 33.4 32.8 17.8 14.4 1.6 
Western 
Holdings B i r d 3 8 . 1 36.9 9.2 14 .5 1.3 
Free State 
Geduld B i r d 41 .3 36 .6 8.2 12.8 1.1 
Vaal Reefs B i r d 42 . 9 36 .4 7 .2 12.7 0 .8 
Libanon Main 36 .6 35.5 10.8 16.2 0 .9 
S.A. Lands Main 44 .0 39.5 5.5 10.5 0.4 
A t o t a l o f 2799 p l a t i n o i d mineral grains were examined from 
t h e s i x gold mines. Of these gr-ains, 1925 (68 .8 v o l . ^ ) were mono-
m i n e r a l i c and each g r a i n has been c l a s s i f i e d according t o composition 
under the appropriate mineral name (see t a b l e 7 ) . The remaining 874 
grains (31 .2 v o l . ^ ) comprise two or more intergrown mineral phases 
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which d i f f e r i n composition t o v a r y i n g degrees. These grains have been 
c l a s s i f i e d , i n the f i r s t instance, according t o the type of i n t e r g r o w t h 
t e x t u r e they e x h i b i t (see t a b l e 6 ) , and secondly according t o the 
minerals they comprise (see t a b l e 8 + no t e s ) . Percentage f i g u r e s 
given i n t a b l e s 7 and 8 are corrected t o the nearest whole number, 
r e f l e c t i n g the s e m i q u a n t i t a t i v e nature of the mineral i d e n t i f i c a t i o n s . 
C o r r e c t i o n of volume % t o weight % i s impossible owing t o the u n c e r t a i n t y 
i n d e n s i t y o f the minerals or mineral gr a i n s . 
I n c l u d i n g the monomlnerallc p a r t i c l e s , the types of I n t e r g r o w t h 
t e x t u r e encountered are defined as f o l l o w s : 
No I n t e r g r o w t h . M i n e r a l grains i n which no Inhcmogeneity i n composition 
could be detected e i t h e r o p t i c a l l y (under carbon coating) or w i t h the 
e l e c t r o n microprobe (see photomicrographs, plates V I I and V T I l ) . 
Concentric I n t e r g r o w t h . Grains which comprise a c e n t r a l core surrounded 
or p a r t l y surrounded by one or a succession of zones of d i f f e r e n t 
composition (see photomicrographs, p l a t e s I I , I I I , I V and X). 
Linear Intergrov/th. Three sub-types can be recognised. Photomlcrogi-'aphs 
6, 25* 26 and 27 show grains i n which two mineral phases form a l t e r n a t i n g , 
more or l e s s p a r a l l e l , c u r v i n g bands w i t h a e u t e c t o i d - l i k e t e x t u r e . 
Photomicrographs 28, 29, 30 and 31 show grains i n which phase boundaries 
are s t r a i g h t . Many of these grains are s i m i l a r i n appearance (but not i n 
composition) t o simple t w i n s . Photomicrograph 32 i l l u s t r a t e s a s t r u c t u r a l 
i n t e r g r o w t h between osmlum-iridium sulpharsenide and iridosmlne, the 
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sulpharsenide forming s t r i n g e r s along c r y s t a l l o g r a p h i c d i r e c t i o n s 
of the i r i d o s m i n e a l l o y . The l a t t e r t e x t u r e i s r a r e . 
I n c l u s i o n s . Grains i n which small mineral i n c l u s i o n s or empty 
c a v i t i e s are enclosed (see p l a t e VI)» 
I r r e g u l a r Intergr'ovrth. Grains i n which the i n t e r r e l a t i o n s h i p between 
phases i s haphazard, w i t h no v i s i b l e r e g u l a r i t y in the o r i e n t a t i o n of 
the interphase boundaries. Some grains are undoubtedly of a fragmentary 
nature. Other grains were found i n which f o u r or f i v e d i s t i n c t zones, 
a l l , or i r i d o s m i n e of s l i g h t l y d i f f e r e n t composition, are intergrown. 
Kxamples of grains i n which two types of i n t e r g r o w t h are present 
were seen r a r e l y (see photomicrographs 4 l , 42, 43 and 44). 
•H 
O 
a 
•H 
to 
u 
M 
Q) 
1^  
S: 
+ 3 
•H 
12 
Si 
> 5 
0) 
•p 
w 
w 
7i 
0) 
EH 
^: •p 
•H 
(d 
-ci 
•H 
O 
c 
•H +^  (fl 
0^  
C H 
O 
^ 1 
0 
H 
H 
O 
> 
to 
w 
c 
•H 
H 
O o 
13 
0 
00 CO H o w • r i • « . . . • 
Q) 00 CO OJ o a E VD H o •H o H o 
m 
G 
to H o OJ CO O in in OJ o K> OJ H o ^ . OJ o •a; H 
o
n
 
ON o • • • • • in to cu VD o 0- H o •H l-l 
Q) 
0) (T; 
rH H OJ o H 
CO . • • • • • 
CO CO o > H q 
•P 
to 
P OJ o 
« • « • * 
H OJ o 0 0 r ^ o 
tc M C 0 •H ^ o p> X) • • t • • 
w H LP, H o VD 0 o VD o IS H 
E o O o • . • • • 
H — J in o 0 VD OJ o 
:3 
59. 
u 
0 
H 
•P 
S 0 
o u 
0 0 
H 
u
s 
o w 
o •rl c U 0 fn o to a -P H 0 u to bO 0 to ciO H 
o O 0 H 0 CO 
r. f; O u •P o o o o H H EH 
0 p 
o o 
to 
c 
•H 
CO 
a . 
EH 
0 ^ 
• H o 
m 
• r i 0 
CO E 
U ;3 
O H 
O > • H 
o 
•H (0 
w 
H 
P H 
• H 
m S 
:3 
o T ? 
0) t-l 
c O 
« O 
O 
E 
O 
ffi 
0) 
- P 
cn 
O 
>•.' 
b£) 
O 
H 
nj 
0) 
C 
• H 
s 
CO 
CO 
o 
c 
CO 
• H 
to 
OH 
(U 
0 ) 
H 
CO 
CO 
> 
-p 
CO 3 
cu cu 
CL-- O 
0 ) O 
Cl> 
:s 
O V D 
H V D in 
O 
H CO 
r\ CU o 
CO 
u 
H 
OJ 
;^  ^ 
2 OJ 
H 
v o 
H 
OJ 
H 
OJ 
o 
CO 
U 
E H 
a' 
o 
cO 
CM 
O 
CO 
0) 0 ) 
o o 
CO CO O 
O 
E H H 
0 ) CD 
O o o 
CO CO CO 
U u 
E H E H 
0 ) 
o 
CO 
0) CD 
o o 
CO CO o 
O 
EH EH H 
(D (D (D CD 
O o O O 
CO CO CO CO 
U U U 
EH EH 
60. 
o 
o 
H 
O 
O 
8 
o 
o 
o 
o 
CO 
• H 
E 
• H 
s 
o 
ran u
rn
 ran u
m
 
• H • H • H • H 
s E ••a TH 
to CQ •H •H 
o o fH 
E Xi E •H •iH 
13 • H • H 13 E E 
•H u •H CO CO 
s • r l • H 'O o o 
m •H c G 
o 0) • H •H 
T3 •P • H • P 
• H • P CO B • P CO 
fn 3 • r-l to H 
H P-l P H O 
•rH 
• H 
H 
S 
• H 
'•a 
• H 
U 
• H 
(D 
Si 
• P 
K 
• H 
-a 
• H 
• H 
• H 
CO 
H 
PH 
CU 
- P 
•H 
H 
U 
u 
CD 
ft 
CO 
CO 
O 
I -p 
P H 
to 
CD 
• H 
0 
to 
u 
CO 
r-H 
CO 
u 
H 
01 
O 
rH 
CO 
t 
E H 
CO 
i 
E H 
U 
Q) 
E H 
U 
Q) 
-P 
O 
• H 
?^ 
Q) 
O 
U 
-P 
• H 
C O 
& 
o 
c 
• H 
+3 
. oj 
fi: 
4:1 
+3 
C M 
O 
o 
H 
CO 
u . 
• H 
CO 
& 
C H 
O 
0 ) 
I 
H 
O 
> 
cd 
m 
o a 
• H 
o 
• H 
<u ^! H 
E 
•H 0 . 
s 0 
w 
CO 
• 
< • 
C O 
c 
0 
c 
CO V D 
• H 
w 
C H 
0) 
0) 
« t -
H t--
CO 
CO 
> 
Q) 
-P 
CO T : I 
- P H 
0-) 13 0 
0) Q) 
(U 
m 
bO 
0) • H Ln +^  0 0 
m H 
0 
IS HH 
E 
0 8 
H 
0 
OJ 
H 
> 5 
H 
§ 
o 
H 
H 
C O 
•» 
to < 
U 
H 
w 
o 
+ 
>> 
o 
H 
H 
0 0 
KA 
in 
--:t-
in 
Q) 
o 
•a 
OJ 
o 
CO 
u 
EH 
O 
CO 
u 
E H 
o 
CO 
61. 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
H 
C O 03 
•\ 
CO 
+ ' 
• H t;
e
 
< 
< H •rH •P H 
Ir
 
^ 
u 
CO 
0 <x> u •» 
m •P a • Q) 5 
0 • H CO Oi 
CO + + + 
H 
> j OJ >J > i CO 
0 a 0 cu 0 -|J 
H CO H 1 H 0 
1—! H (U H E H 
< + < 
1 
CO 
to 
Q) 
-O 
• H 
r; 
m 
CO 
^, 
H 
to 
W 
0 ) 
T ) 
•H 
Q) 
OT 
fn 
CO 
Q) 
-P 
(U 
Q) 
& 
-P 
s 
• H 
• H 
• H 
-s 
CO-
E 
?s 
• H 
E 
to 
o 
C H 
O 
o 
H 
H 
CO 
0 
-p 
a 
0 
0 
-p f-, 
0 - H 
: i 
to 
CG 
E E 
• H 
W 
•H. 
a 
O 
•H 
-P 
O 
c 
• H 
O 
E 
CO 
o 
O 
w 
0 
T ) 
• H 
-E 
H 
62. 
The mineralogy of the p l a t i no id grains showing l inear and i r regula r 
intergrowth textures, or of those grains v ^ i t h inclusions have not been 
tabulated. These grains are consistent i n composition from one 
concentrate t o another and are described, f o r the s ix concentrates 
i n general, i n the fo l l owing pages. 
Al loys of the platinum group elements make up a large major i ty 
of the par t ic les e x h i b i t i n g concentric intergrowth textures. I n these 
pa r t i c l e s , the element osmium i s always more abundant i n the core than 
elsewhere and decreases in .quan t i ty i n successive zones outwards. I r 
i s ant ipathet ic to Os while Pt, Ru, Rh.and Pe ei ther increase towards 
the peripheral zones or remain i n the same proportions. A good example 
of such an intergrowth i s shown i n photomicrograph l 6 . The pa r t i c l e 
comprises an hexagonal osmium core, an intermediate iridosmium zone 
and a s h e l l of osmiridium. The s h e l l , although of a cubic a l loy , has 
an hexagonal out l ine dic ta ted by the in t e rna l s t ruc tu re 'o f the pa r t i c l e , 
an e f f e c t which has been noted previously by Koen (5) . Photomicrographs 
7 and 8 show a s imi la r p a r t i c l e , but i n which the outer zone i s r u t h -
enir i d osmium'. Photomicrograph 6o i l l u s t r a t e s a pa r t i c l e i n which 
osmium, iridosmium and rutheniridosmium are intergrown concentr ical ly . 
The outer rutheniridosm3.um phase has a d i s t i n c t f ibrous texture not 
uncommon i n the Ru-r ich, p l a t i no id a l l o y s . . The osmium or iridosmium 
core i s not always hexagonal, as i s i l l u s t r a t e d i n photomicrogr-aphs 10 
and 15 i n v/hich round and i r r egu la r forms respectively are exhibi ted. 
I n other grains, the centra l osmium c rys t a l i s incompletely formed 
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(see photos. 7> 12, 13) and several par t ic les were seen i n which the 
core forms a t y p i c a l skele ta l c r y s t a l . Photomicrographs 4- and 5 show 
a gra in i n which the composite counterpart of a negative c rys ta l occurs 
v j i t h i n an osmium core. The composite comprises ferroplatinum and an 
u n i d e n t i f i e d i r o n n icke l sulphide. Several grains of s imi la r texture 
were found (photo. 33 and phots, plate X ) . Di f fuse boundaries between 
the core and surrounding phases are uncom.raon. A compositional gi'adient 
exists i n such grains, i n which one element (usually ruthenium) 
gradually increases i n quant i ty from the core outwards (see photo. 15). 
Concentric intergrowths, i n which p l a t i no id alloys and other 
p l a t i n o i d minerals take part , are not uncorronon. The al loys invar iably 
form the core of such grains and may be surrounded and sometimes replaced 
by s p e r r y l i t e (see phots. 17, l 8 , 19, 20). A t h i n Rh-rieh react ion (?) 
r im between ferroplat inum and s p e r r y l i t e was seen i n some par t ic les 
(see photo. 59)' Other minerals found surrounding and replacing an 
a l loy core were the arsenides and sulpharsenides of Os and I r (see 
photos. 22, 24 and Plate X ) , and one grain, i n vihich both sulpharsenide 
•and s p e r r y l i t e phases form successive layers around ruthenosmiridium, i s 
shown i n photomicrograph 23- I t i s in te res t ing t o note that non-alloy 
minerals were never found i n contact w i t h , or replacing osmium. This 
In f e r s that the formation of the non-alloy mineral i s dependant on the 
presence i n the a l loy i t surrounds or replaces, of s i g n i f i c a n t amounts 
of- Pt or Ru, elements notably minor i n the osmium a l l o y . 
Linear intergrowths occur i n the Witwatersrand minerals almost 
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exclus ively between two or, more r a re ly , tixree a l loy phases. 
Furthermore, the phases are usual ly of the same mineral, iridosmlum, 
the only d i s t ingu ish ing features between the phases being variat ions 
i n the Os:Ir r a t i o or i n t h e i r r e l a t i v e proportions of Pt or Ru. 
I n general, one phase i s close to osmium i n composition and opt ica l 
propert ies , and the other phase i s more i r i d i u m - r i c h and v/hiter i n 
colour. Part ic les i n which osmium or osmiridium is intergrown wi th 
iridosmium are not very common. Part icles comprising a l inear i n t e r -
growth of a l l oy and non-alloy minerals are even more uncommon. 
Various examples of l inear intergrowth textures are shown i n photos. 
6, 25, 26, 27 ("eutectoid" t ex tu re ) , photos. 28, 30, 31 ( t w i n - l i k e 
t ex ture) and photos. 32, 57 (a l loy/non-a l loy intergrowths). 
Inclusions were found only i n the p l a t ino id a l l oy minerals. 
Inclusions i d e n t i f i e d most o f ten i n a l l concentrates were of Os-Ir 
•X-
sulpharsenide, l a u r i t e , calcium i r o n s i l i c a t e and an anisotropic 
i r o n n icke l sulphide. Inclusions i d e n t i f i e d on only one or two 
occasions i n each concentrate consisted of chalcopyrite or a rare 
earth phosphate, probably monazite. Undoubtedly, many base metal 
sulphide, phosphate and s i l i c a t e par t ic les appearing as inclusions 
i n section represent material f i l l i n g embaj/ments i n the p l a t ino id grain 
surfaces. However, par t ic les of sulpharsenide, l a u r i t e and i r o n n icke l 
are undoubtedly true inclusions and form an inherent part of the grains 
With moderate/minor amounts of Mg and A l . I t i s probably phy l l o s i l i c a t e 
i n most cases, s imi la r to the minerals found i n the matrix of the 
conglomerates. 
65. 
i n which they are enclosed. Osmium i r id ium sulpharsenide was found 
as small , spherical bodies i n iridosmium (see photo. 38)j l a u r i t e 
was found as angular blebs i n osmiridium (see photo. 4o) and i n 
iridosmium (see plate X ) . The un iden t i f i ed i r o n n ickel sulphide 
was also found as spherical inclusions, i n osmiridium (see photo. 36), 
^ and intergroxm w i t h ferroplat inum as a hexagonal "negative c rys ta l " 
(see photos. 4, 5, 53). The base metal sulphide bears some opt ica l 
resemblance t o py r rho t i t e , though i t s colour, pale yellowish green-grey, 
i s unusual. I t i s comparable i n approximate composition to an unnamed 
i r o n n i cke l subsulphide, (B''e,Ni)2S described by Stumpfl (8), v.'hich 
occurs intergrown w i t h p l a t i no id minerals i n the ultrabasic rocks of 
the Bushveld Igneous Complex. 
P la t ino id par t ic les I n which one or more small cavi t ies occur 
have been c l a s s i f i e d under "inclusions" i n table 6. The cavi t ies are 
sometimes hexagonal and were probably formed when an hexagonal osmium 
c rys t a l was dislodged at some point i n the pa r t i c l e ' s h i s tory (see 
photos. J>, 35). I n other pa r t i c l e s , spherical or tubular cavi t ies were 
seen, almost ce r t a in ly a f t e r gaseous or l i q u i d inclus ion i n some cases, 
and of a t y p i c a l vesicular nature (see photos. 37* 39)' No d i s t i n c t 
l i n e a t l o n of the tubes i s apparent. 
I r r egu la r intergrowths consist almost exclusively of the p la t ino id 
Y a l l oys . Ind iv idua l par t ic les are usually monomineratic, the intergr'owth 
texture being created by i r regu la r zones of s l i g i i t l y d i f f e r e n t 
composition. The rare par t ic les i n which a l loy and non-alloy minerals 
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are intergrown are a l l c e r t a in ly fragments broken from larger 
pa r t i c l e s of unknown tex ture . 
The ma jo r i ty of intergrowth textures exhibited by the vJitwatersrand 
p l a t i n o i d gi-'ains i s considered to have been created during c r y s t a l l i s a t i o n 
I n a magmatic environment. The presence of vesicular and eutec toid- l ike 
textures and negative c rys t a l structures are f a i r l y convincing. The 
re la t ionships between the p l a t i no id arsenides and sulpharsenideswith 
the a l loys , however, are of an uncertain nature. The texture i s 
c e r t a i n ly one of replacement i n some par t i c les , while i n others 
(photos. 17, 23), s p e r r y l i t e forms a wel l -def ined shel l of uniform 
thickness. Althougli the re la t ionships may be primary, the p o s s i b i l i t y 
that both the spe r ry l i t e and the sulpharsenides are secondary minerals 
deposited i n the reefs cannot be dismissed. 
P la t ino id Grain Shapes. 
The shapes exhibited by the Witwatersrand p la t ino id grains are 
diverse. According t o the roundness scale of Pe t t i john (52), the 
shapes range from sharply angular and generally hexagonal, through 
to well-rounded (see photos. 45 , 46, 47 , 48, 49, 50). As was noted 
by Koen (5 ) , concave curves and reentrant angles frequent ly complicate 
the gra in outl ines and many examples of such outlines are i l l u s t r a t e d 
i n plates I - X. Among the osmium and iridosmium al loys , hexagonal • 
out l ines are commonplace but, although osmiridium i s f a i r l y abundant 
i n the concentrates, anything remotely resembling a cubic out l ine i s 
rare (see photo. 53). Several par t ic les have outlines vmich vary from 
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angular t o round on d i f f e r e n t parts of the surface (see photos. 1, 54). 
The shapes of the VJitwatersrand plat inoids and t h e i r genetic 
s ign i f icance have been discussed by Koen (5) and Cousins ( 3 ) . Koen 
concluded that the great va r i e ty of grain shapes to be found i n a 
s ingle concentrate "casts serious doubt on the popular viev? that the 
roundish grains were shaped by aqueous rounding". He quoted as 
evidence the facts that some grains appear heavily abraded while others 
do not, and that some of the well-rounded par t ic les are too small to 
have been abraded i n natural waters. He f u r t h e r stated that features 
such as embayments, concave curves and reentrant angles could hardly 
be the r e su l t of aqueous a t t r i t i o n , and that many shapes may be those 
assumed by the grains on c r y s t a l l i s a t i o n or those produced by chemical 
ac t ion . Cousins supports the l a t t e r hypothesis. 
I t i s not intended t o discuss i n d e t a i l the shapes of the par t ic les 
or t h e i r genetic s ignif icance i n t h i s thes is . However, some comments 
based on the observations of the wr i t e r are of in te res t . 
The anomalies i n degrees of rounding exhibited by p la t ino id 
mineral grains of s imi la r size and composition w i t h i n the same 
concentrate have f i v e possible explanations. 
(a) The distance of t ranspor ta t ion or degree of reworking of the 
pa r t i c l e s has varied from one grain to another. This i s highly-
u n l i k e l y . 
(b) Differences i n grain hardness, or resistance to chemical attack 
have-influenced the roundness of ind iv idua l pa r t i c les . D i f f e r e n t i a l 
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rounding of the p l a t ino id par t ic les would ce r t a in ly be expected, 
and the lack of c rys ta l outl ines i n par t ic les of the r e l a t i v e l y 
s o f t osmiridium a l l oy has already been noted. However, the 
presence of both sharply angular and v;ell--rounded par t ic les of 
the same mineral i n the same concentrate can not be explained 
e i ther by d i f f e r e n t i a l aqueous a t t r i t i o n or by selective chemical 
attack (see photos, 47 t o 50) . 
(c) Dis loca t ion along mineral boundaries, or i r regular f r ac tu r i ng of 
larger par t ic les has produced some of the angxilar, subangular and 
rounded homogeneous grains found i n the concentrates. That 
d i s loca t ion has taken place i s convincingly demonstrated i n 
photomicrographs 48 and 55. The grains i l l u s t r a t e d were 
undoubtedly composite par t ic les at some stage i n the i r h i s to ry . 
The d i s loca t ion of hexagonal crystals (probably osmium) has produced 
hexagonal i n l e t s i n the rem.aining par t i c les , the dislodged crystals 
now ex i s t i ng as monomineralic, angular/subangular par t ic les such 
as those shown i n photomicrographs 45 and 46. Photomicrograph 54 
shows a grain which probably formed ha l f of a t w i n - l i k e l inear 
in tergrowth . The p a r t i a l d i s in tegra t ion of the iridosmium par t i c l e 
i n photomicrograph 51 , i f completed, vjould produce numerous, small 
angular par t ic les unrel.ated t o the subangular hexagonal pa r t i c l e 
from which they derived. 
Fractur ing has also produced rounded par t ic les i n the 
concentrates. Photomicrograph 17 shows a well-rounded i r i d ium 
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p a r t i c l e around which only a remnant of a spe r ry l i t e mantle 
remains. While the rounded outer surface of the remnant might 
have been produced by a t t r i t i o n , the roundness of the a l loy could 
be a primary feature acquired on c r y s t a l l i s a t i o n . Conversely, 
i f i t i s assumed that the a l loy was rounded during aqueous or 
a e r i a l t ranspor ta t ion, then the spe r ry l i t e must be authigenic. 
Photomicrograph 34 shows an osmiridium par t i c l e from v/hich a 
round iridosmium inc lus ion i s p a r t i a l l y detached. Numerous, 
small , concave curves on the surface of the pa r t i c le indicate 
tha t several such inclusions have already been l o s t and now 
ex i s t , i n the reef or concentrate, as rounded par t ic les too 
small , according to Koen, to have been rounded by aqueous 
a t t r i t i o n . Reentrant angles and concave curves i n other grain 
out l ines could also be explained assuming that a process of 
f r a c t u r i n g or d i s loca t ion has taken place. The pa r t i c l e i n 
photomicrograph 56 shows a remarkable resemblace to the one shovm 
i n photomicrograph 19, except that the l a t t e r retains a p a r t i a l 
coating of s p e r r y l i t e . The pa r t i c l e i n mlcrophotograph 52 may 
have had a peripheral spe r ry l i t e zone at one time, though the 
r a d i a l cracks are more l i k e l y t o have been formed during cooling 
and c r y s t a l l i s a t i o n . 
The point i n the i r h i s t o ry at which d is loca t ion or f r a c t u r i n g 
of these p l a t i no id par'ticles occurred i s unknown. I t may have been 
during t ranspor ta t ion, reworking or during the extract ion and 
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concentration of the par t ic les from the ore. The l a t t e r 
p o s s i b i l i t y i s considered t o be the most l i k e l y one i n the 
case of many pa r t i c l e s , and many concentrates were rejected 
as unsuitable f o r grain counting f o r jus t t h i s reason, 
(d) The par t ic les possess t h e i r o r i g i n a l outlines acquired on 
c r y s t a l l i s a t i o n , which outl ines have subsequently undergone 
l i t t l e or no modi f ica t ion . I f shape and intergfowth textures 
are considered together, possible examples of such par t ic les 
can be found. Photomicrographs 13 and l 4 i l l u s t r a t e par t ic les 
comprising a core of osmium enclosed i n an iridosmium s h e l l . 
I n each case, the thickness of the she l l i s remarkably consistent 
and no evidence of a t t r i t i o n , i n the form of d i f f e r e n t i a l th inning 
at the grain corners, can be found. The p o s s i b i l i t y raised by 
Cousins (3) that such zoning was produced chemically, e i ther 
by leaching or accretion i s improbable. I f leaching of the osmium 
a l l o y i s assumed, i t must be fu r the r assumed that Os has been 
leached, r e s u l t i n g i n a concentration of I r , Ru, Pt and Fe i n the 
peripheral zone. Although chemical data are sparse on the behaviour 
of these a l loys under natural conditions, Os i s the most chemically 
res i s tan t of the elements involved (53) snd i s un l ike ly to have 
been p r e f e r e n t i a l l y leached. Furthermore, widespi'-ead leaching or 
chemical accretion does not explain the presence i n a single 
concentrate of homogeneous par t ic les and par t ic les exh ib i t ing 
l i n e a r , i r regu la r and concentric intergi-^owth textures. 
7 1 . 
Photomierogr'aphs 6, l 8 , 25, 59, i n pa r t i cu la r , i l l u s t r a t e 
gra in shapes u n l i k e l y t o have been formed by a t t r i t i o n or 
f r a c t u r i n g . Corrosion or replacement i n s i t u may have been 
appreciable or the shapes may be s imi la r t o those acquired on 
c r y s t a l l i s a t i o n . 
(e) Mechanical deformation of the p l a t ino id par t ic les has taken 
place i n s i t u i n the ree fs . This f i n a l p o s s i b i l i t y i s discussed 
i n section 6. 
I t i s concluded from a general examination of the 
Witwatersrand p l a t i no id grain shapes tha t , although many grains 
may have been shaped by aqueous or ae r ia l a t t r i t i o n and may have 
been subjected t o chemical corrosion or accretion i n s i t u , no 
concrete evidence can be found to show that these processes had 
more than a minor e f f e c t on the grain shapes. Some par t ic les 
appear to exh ib i t outl ines they acquired on c r y s t a l l i s a t i o n , and 
t h i s could be equally true of many round, nodular and i r r e g u l a r l y 
shaped par t i c les shown i n the photomicrograpns. 
Dis loca t ion of mineral grains from composite par t i c les , either 
na tu ra l ly during t ranspor ta t ion , or a r t i f i c a l l y during meta l lurgical 
concentration, has played some ro le i n the formation of the present 
gra in shapes. I t i s considered therefore that an angiilar or sub-
angular grain out l ine has doubt fu l genetic s ignif icance and that 
the presence of some concave curves and reentrant'angles i s not 
remarkable i n the d e t r l t a l p l a t ino id par t i c les . Furthermore, i t 
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i s believed that the use of the rounded outl ines of some 
homogeneous p l a t i n o i d par t ic les as posi t ive proof of a d e t r i t a l 
o r i g i n or, i n the case of extremely small grains, as evidence 
against a h i s to ry of aqueous a t t r i t i o n i s u n j u s t i f i e d . 
Grain Size D i s t r i b u t i o n of the P la t ino id Minerals . 
For each of the s ix concentrates, a cumulative size frequency 
d i s t r i b u t i o n curve has been drawn. Grain size (dn ~ nominal sectional 
diameter) has been plot ted against cumulative number percentage, 
equivalent t o volume percentage f o r the grain count procedure fo l lowed. 
Size range midpoints used i n p l o t t i n g the curves are based on a -N4^ '^ 
scale adapted from the Udden \ / 2 scale (52), the size in tervals being 
selected such that no single size range includes more than ^ of the 
t o t a l grains measured (51). 
Grain size parameters f o r each concentrate, read from the 
ency curves. are given i n table 9- A l l sizes are i n microns. 
TABLE 9 
Size (dn) param.et ers f o r Six Platinc id Concentrat es 
Mine Reef Median F i r s t Third Grains 
Size Quarti le Quart i le Measured 
Welkom Bird 69.2 56.2 87.9 474 
Western 
Holdings Bi rd 49-5 38.8 .62.9 469 
Free State 
Gedult B i rd 64.7 51.6 79.9 477 
Vaal Reefs Bi rd 64.1 50.9 79.9 471 
Libanon. Main 59. 47.8 77.9 453 
S.A. Lands Main 49.7 38.6 63.1 455. 
< 
to 
< 
o 
- J u 
111 
to 
Q 
O 
a. 
o 
i 
h-
CD 
CC 
\-
cn o 
l i J 
N 
< 
CD 
• • r . ' - j r 
3 9 V l N 3 D 8 3 d "iAIXVinSNflO 
< 
< 
m 
li. 
L L I tr 
CO o 
Q 
_) 
O 
X 
z 
Q : 
L L I 1-
UJ 
CO 9 o z 
. J 
Q . 
l l . 
O 
O 
H 
r> 
Q : 
h-
co 
UJ 
N 
CO 
•z. 
< 
CP 
1 0 1 
o i l 
E > 1 
ail 
9-9Z 
iiHil !!: !•: 
T 
iiiuaininniii M!l:CLiiUl 
Z 
< 
30VXNJ10ii3d • l A i i v - i n i ' j n o 
< 
CO 
< 
CD 
UJ 
a: 
o 
L l J o 
to 
llj liJ 
o: 
L L 
39'5 'lN3Db'3d 3Al lV inwnD 
to 9 o 
O L u. o 
z o 
00 
ir 
H 
to 
Q 
u 
N 
to 
< 
CO 
iiiihiii;; 
iOS9 
diiiiiL]iiiliiijj ml]iiiiinin 
J O Vi . H3 DiJ 3d 3 A! 1.V 10 W n D 
30VlH30>i3d 3AllV-inwnD 
< 
< 
CO 
III 
< 
a: 
CO 
u. 
ca 
< 
Q 
O 
_J 
C L 
U l 
O 
z o 
h-
C C h-
CO 
Q 
UJ 
< ir. 
!i:|:|:r:^i!ilii*" 
-''.r-rr 
4... 
..X:. 
a. 
" i ill' --riiji ii;!: 
— 1 -
rt+r-
—IT'*-.1 "f. 
!. 
- ' i i ; 
il.l! 
!Lii;iiiii 
lijiii' 
m 
nrrr 
I. 
niiffin, 
ijj I L-
•I-
;:::|:;: 
!i| I I 
: I'l 
v.-
- 1 -
1-
toi 
o n 
O i l 
ill 
o»c 
£•87 
M 
[0B3 >/l 
2 < 
i-08 
1-96 
^11 
9£l 
Z9l 
liiii'jliirMlPTT 
0-99 i/l 
•nil'MTrHrll--: 
39ViN3Da3d lAIXVIfilAjrO 
39VJ.N3 0 a 3 d o o 3AixvnnwnD 
< 
u. 
UJ 
(0 
Q 
< _ l 
<• 
to 
ai 
9 d 
a. 
u. o 
•z. g 
H-
CD 
C C 
co 
Q 
UJ 
N 
CO 
< 
q: C9 
3 9 V i M 3 0 a 3 d 3 A I . L V " i n W n D 
73. 
Rrom an examination of the d i s t r i b u t i o n curves and of the 
data i n table 9> the following conclusions can be drawn.. 
The pl a t i n o i d mineral gi'-ains examined from various positions i n 
the Witwatersrand gold reefs are extremely small both i n median grain 
size and grain size range. 
Differences i n m.edian grain size and size d i s t r i b u t i o n of the 
minerals from both adjacent and xvidely separated positions i n the 
Witwatersrand basin are small. 
The median size and size d i s t r i b u t i o n of grains i n the Bird Reef 
at V'estern Holdings gold mine and i n the Main Reef at S.A. Lands gold 
mine are v i r t u a l l y i d e n t i c a l . The mines are situated on opposite sides 
.of the basin. Platinoid grains i n the Bird Reef from the Welkom and 
Western Holdings gold mines show greater differences i n grain size 
parameters. These two mines are geographically adjacent. 
The variations, therefore, i n median grain size and grain size 
d i s t r i b u t i o n between pl a t i n o i d particles i n d i f f e r e n t parts of the 
Witv/atersrand sedimentary basin appear t o be small, random variations 
unrelated to t h e i r geographical or stratigraphic position i n the 
sediments. 
I f i t i s assumed thSt the presence of the particles i n the 
conglomerate reefs results from some d e t r i t a l process, then the 
par t i c l e s as a whole are either extremely well-sorted throughout the 
basin, or the p a r t i c l e sizes are similar t o those they exhibited as 
prim.ary p l a t i n o i d grains before transportation. I n the f i r s t event, the 
degree of a t t r i t i o n of the extremely hard gr-ains need not have been 
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large, v/hile i n the second event a t t r i t i o n would cer t a i n l y have been 
minor. 
75. 
SECTION 6. Platinoid Minerals i n s i t u 
6. ( i ) Experimental procedures 
The p l a t i n o i d - r i c h Kiraberley Reef ore sample from the Bracken 
gold mine, which assayed 2.22 grams of platinum group elem.ents per 
ton of ore, was used to search for plati n o i d minerals i n s i t u . 
A preliminary search was made on senipolished rock slabs about 
4" X 2" i n size. These were cut with a diamond saw, ground smooth 
on the two main surfaces with successive grades of carborundum 
g r i t , and then semipolished on a wet, 600-grade carborundum, paper 
lap. The semipolished surfaces were covered with a f i l m of l i g l i t 
o i l and examined under the stereomicroscope. The positions of 
possible p l a t i n o i d grains ( s i l v e r y i n appearance) were marked and 
the enclosing rock particles were cut out, mounted and polished 
fbllowing the procedure described previously i n section 4 ( i ) . 
Pour p l a t i n o i d mineral grains Viere found i n s i t u . These grains 
have been examined o p t i c a l l y and under the electron probe. With 
the aid of photomicrographs and electron photomicrographs, each 
grain i s described i n the following sub-section. V/here possible, 
q u a l i t a t i v e chemical data have been supplemented by quantitative or 
semiquantitative microanalyses. However, the r a r i t y of i n s i t u grains 
and t h e i r s u s c e p t i b i l i t y to plucking during the polishing process 
necessitated that polishing be kept to a minimum. Consequently, 
some sections are unsuitable for quantitative microanalysis. I n 
the descriptions, particular emphasis has been placed on the 
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relationships of the platinoids with the other conglomerate constituents, 
6 . ( i i ) Results 
The four p l a t i n o i d grains a l l occur i n the s o f t , p h y l l c s i l i c a t e 
matrix of the conglomerate. They each have rounded outline, which 
may have been modified by i n s i t u deformation, and a l l grains 
comprise complex intergrowths of plati n o i d minerals which include 
at least one arsenide or .sulpharsenide. However, the four grains 
described can not be regarded as i n any way representative of the 
i n s i t u p l a t i n o i d particles as a whole. 
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IN SITU GRAIN A 
The composite p l a t i n o i d grain (Pd) occurs, together with 
s o f t , magnesium i r o n aluminium p h y l l o s i l i c a t e ( c ) , i n the i n t e r -
s t i t i a l area between competent quartz pebbles ( q ) . The white 
specks at the quart.z/silicate taoiindaries are p y r i t e and gold. 
One gold speck also occurs w i t h i n the s i l i c a t e matrix close 
to the p l a t i n o i d (see backscatter electron image). 
The p l a t i n o i d grain i s concentrically zoned, with a core 
comprising a network of iridosmium laths ( l ) set i n a groundmass 
of osmium irid i u m arsenide (ligjnt grey unnumbered). A few 
-patches and stringers of an i r o n sulphide (black) form part of 
the groundmass. The peripheral zone consists of s p e r r y l i t e (4) 
i n which diffuse patches richer i n ruthenium and sulphur are 
common (5)» One minute gold speck i s also enclosed. 
The iridosmium phase (1) contains osmium and ir i d i u m i n a 
r a t i o of 1.2:1 with minor ruthenium and i r o n and trace amounts 
of platinum. 
No useful, semiquantitative data could be obtained from 
phase 2 (osmium ir i d i u m arsenide). 
The s p e r r y l i t e phases 'j> and 4 were analysed i n f u l l and 
complete data have been given i n section (Results). Phase 3 
contains 7-^%> ].4.2^ and 'y^.yfo by weight of i r i d i u m , ruthenium 
and sulphur respectively, together with major platinum and 
arsenic. Phase 4 contains 5-4:^, 6.6^ and 8.2^ by weight of 
Iridium, ruthenj.um and sulphur respectively, again with major 
platinum and arsenic. 
The bright white tongue, at the top of the p a r t i c l e i.s 
Iridosmium with Os:Ir = 1 .1 :1 . The cracking at the base of the 
tongue, as well as the curvature of some of the iridosmium laths 
i s considered t o be a r e s u l t of i n s i t u deformation. The grain 
outline has probably also been modified i n t h i s way. 
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Photomicrograph x l68 
b.e.i. x 840 
b.e.i. X 420 
Os.L< 
Ru.Lo< 
P t . L o c 
s.KcK 
. m 
Bo. 
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IN SITU GRAIN B 
The rounded p l a t i n o i d grain (pd) i s enclosed i n a conglomerate 
matrix of magnesi-'ara i r o n aluminium p h y l l o s i l i c a t e (c) and rests 
against an ir r e g u l a r quartz pebble(q). The pebble has been 
molded around the pl a t i n o i d grain. Other patches w i t h i n the 
matrix include t h u c o l i t e (Th) (enclosing gold specks (white)), 
a rare earth phosphate (p), which i s probably monazite i n part, 
and large irreguilar patches and particles of a magnesium-poor 
p h y l l o s i l i c a t e (vjhite). Sm.all specks of p y r i t e , galena, 
chalcopiTite and gold are disseminated throughout (white). 
The p l a t i n o i d p a r t i c l e comprises a complex, ir r e g u l a r i n t e r -
growth of an osmium i r i d i u m platinum ruthenium sulpharsenide ( l ) 
vjith an osmium ruthenium sulpharsenide ( 2 ) . Small patches ( l i g h t 
grey) i n pViase 1 contain s l i g i i t l y more arsenic and less sulphur 
than phase 1 . 
A f u l l probe analysis of phase 1 was carried out, the r e s u l t s 
of which have been detailed i n section 4 ( i i ) ( R e s u l t s ). The mineral 
contains 50.7:^ (Os + I r + Ru), 32 .1^ As and 9.4^ S by vxeight. 
I n phase 2, Osmium, ruthenium, arsenic and sulphur are 
major elements (owing to the, low x-ray take-off angle and high 
absorption, the Ru x-ray image i s weak). I r i d i u m i s present 
i n minor quantities and ir o n i s ne g l i g i b l e . 
A small speck of gold was observed enclosed i n the p l a t i n o i d 
gi-ain. However, the abundance of gold i n the surrounding matrix 
indicates that the speck could have been emplaced by smearing 
during the polishing process. 
The concave curve at bottom r i g h t of the p l a t i n o i d grain 
may have been formed by the i n s i t u deformation of the grain 
due to pressure from the adjacent quartz p a r t i c l e . 
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Photomicrograph x 168 b . e . i . X 420 
Os.Loc Ir.Loc Pt.Lx 
Ru.L oc As.Koc S.Koc 
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Photomicrograph x l68 
— Os.Loc 
85. 
b.e.i 
X 420 
»....- . . • - ^ -'AJ^. A 
— Ru.LoC As.KoC 
— S.KoC 
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The p o o r l y polished p l a t i n o i d m i n e r a l g r a i n (Pd) r e s t s , 
t ogether v j i t h p a r t i c l e s o f quartz ( q ) , chromite (Cr) and z i r c o n . 
( z ) , i n a groundmass of magnesium aluminium i r o n s i l i c a t e ( c ) . 
Specks of chalGopjnr-ite'occur around the l a r g e q u a r t z p a r t i c l e , 
and a copper antimony sulphide ( t e t r a h e d r i t e ) borders the t o p 
of the p l a t i n o i d g r a i n . -The black, l a t h t o the r i g h t of the 
p l a t i n o i d i s a c a v i t y c o n t a i n i n g t e t r a h e d r i t e remnants. 
Ov\ring t o the poor p o l i s h , t h e composition of the p l a t i n o i d 
g r a i n i s badly d e f i n e d . The g r a i n shovjs c o n c e n t r i c i n t e r g r o w t h 
t e x t u r e w i t h a core ( l ) of an i r i d i u m , platinum osmium 
sulpharsenide. The dark i r r e g u l a r areas w i t h i n t h e core are 
r i c h i n antimony and probably r e s u l t from contamination,, d u r i n g 
p o l i s h i n g , from the neighbouring t e t r a h e d i t e . The s h e l l of the 
p l a t i n o i d g r a i n c o n s i s t s o f rutheniuii: osmium sulpharsenide i n 
which i r o n i s a minor c o n s t i t u e n t and traces of i r i d i u m , 
platinum, c o b a l t and nicke], were detected. The minute, w-h;i.te 
specks enclosed i n the s h e l l are o f an osmium-rich a l l o y . 
No deformation of the p l a t i n o i d g r a i n i n s i t u i s apparent, 
and the p r o t r u d i n g tongue at the bottom of the g r a i n i s d i f f i c u l t 
t o e x p l a i n by a process o f aqueous a t t r i t i o n . Chemical processes 
may have played a s i g n i f i c a n t r o l e i n the f o r m a t i o n of the present 
shape. 
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Photomicrograph x l68 b.e . i . X 420 
88. 
Os.Loc I r . L « 
Pt.Lc< Ru.LoC 
As.Ko< S.K oC 
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SECTION 7- Conclusions 
1. M i c r o s c o p i c a l l y , the V/ltwatersrand p l a t i n o i d grains appear t o 
present a f a i x ' l y simple mineral assemblage. Two hexagonal a l l o y s , 
osmium and iridosmium, can be i d e n t i f i e d . One i s a pale grey-
blue a l l o y of extreme hardness, and the other i s more or less 
paler i n colour and of i n f e r i o r hardness. D i s t i n c t i o n between 
the a l l o y s when they occur i n mutual i n t e r g r o w t h i s f a i r l y simple. 
Hovjever, the p o s i t i v e i d e n t i f i c a t i o n of e i t h e r a l l o y when examined 
as homogeneous p a r t i c l e s i s considerably more d i f f i c u l t , 
p a r t i c u l a r l y i f the composition of the a l l o y i s marginal. 
Cubic osmiridium can be d i s t i n g u i s h e d from the hexagonal a l l o y s 
on the basis of r e f l e c t i v i t y and p o l i s h i n g hardness, but o p t i c a l 
d i s t i n c t i o n between e i t h e r osmiridium or iridosmium and t h e i r 
r u t h e n i u m - r i c h counterparts, ruthenosmiridium and rutheniridosmium 
r e s p e c t i v e l y , i s g e n e r a l l y impossible. S i m i l a r l y , the d i s t i n c t i o n 
between osmiridium, i r i d i u m and r u t h e n i r i d i u m can be extremely 
d i f f i c u l t unless the d i f f e r e n c e s i n composition between the 
minerals are extreme. 
Among the arsenide, sulpharsenide and sulphide minerals of 
the platinum group elements, s p e r r y l i t e and l a u r i t e can be 
I d e n t i f i e d f a i r l y r e a d i l y under the microscope. The arsenides • 
and sulpharsenides of osmium and i r i d i u m can be i s o l a t e d as 
d i s t i n c t mineral species. 
• An examination of the p l a t i n o i d concentrates under the e l e c t r o n 
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probe, however, reveals a mineral assemblage of considerable 
complexity. The r u t h e n i a n and rhodian v a r i e t i e s of some a l l o y s 
are d e t e c t a b l e and most minerals shew remarkable v a r i a t i o n s i n 
composition and i n t e r g r o w t h t e x t i i r e s . Only by m.icroanalysis, 
supplemented by accur-ate determinatioP-S of hardness, r e f l e c t i v i t y 
and s t r u c t u r e can many minerals be characterised v/ith c e r t a i n t y . 
2. Some general r e l a t i o n s h i p s between the composition and phj'-sical 
p r o p e r t i e s of t h e p l a t i n o i d a l l o y s can be defined w i t h confidence. 
For the a l l o y s . o f Os + I r and Os + I r + Ru:-
R e f l e c t i v i t y ! as I r ^ T 
R e f l e c t i v i t y t as (Pt + Ru)^t 
Colour changes from pale blue-grey t o creamy white 
as Os^'j-and I r ^ t 
Microhardnesst as Os^t and I r ^ I 
Microhardnessf as Ru^t 
C o n t r a c t i o n of the c r y s t a l l a t t i c e o f hexagonal a l l o y s 
occurs as Ru^t . Contrac t i o n of the cubic a l l o y l a t t i c e 
under s i m i l a r c o n d i t i o n s i s b a r e l y d e f i n a b l e , f o r e i t h e r 
osmiridium or i r i d i u m . For v a r i a t i o n s i n the Os:Ir r a t i o 
o f e i t h e r the hexagonal a l l o y s or cubic a l l o y s , corresponding 
changes i n the c r y s t a l s t r u c t u r e are minimal. 
For the Pt + Fe a l l o y s 
Hardness of f e r r o p l a t i n u m t as Rht 
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5. The system of nomenclature proposed by H a r r i s and Cabri (42) f o r 
the Os -;- I r a l l o y s and the Os -r ' l r + Ru a l l o y s adequately covers 
those a l l o y s i d e n t i f i e d i n the Witwatersrand concentrates. The 
system can also be s u c c e s s f u l l y applied t o the a l l o y s of Pe + Pt 
and, u n t i l more d e t a i l e d s t r u c t u r a l data on the Fe/Pt system are 
a v a i l a b l e , a system of nomenclature based on composition i s 
necessary. 
However, the d i s t i n c t i o n made by H a r r i s and Cabri between 
osmium and iridosmium i s based on I r exceeding 20 at % of 
(Os + I r ) , f o r iridosmium. T h e i r c r i t e r i o n f o r d i s t i n g u i s h i n g 
iridosmium and rutheniridosmium i s t h a t ruthenium exceeds 10 at % 
of (Os + I r + Ru) f o r rutheniridosmium. Some inconsistency i s 
apparent here. A l i m i t of e i t h e r 20 at % content or 10 at % 
content should be applied c o n s i s t e n t l y as the c r i t e r i o n f o r 
i n c l u d i n g an element, as a p r e f i x , i n the names of a l l the a l l o y s . 
I t i s c l e a r l y p r e f e r a b l e t h a t a 10 at ^ l i m i t be applied and t h a t 
osmium be r e d e f i n e d as an a l l o y w i t h ^^90 at ^ Os. S i m i l a r l y , 
n a t i v e i r i d i u m should be r e d e f i n e d as an a l l o y w i t h ^ 9 0 at ^ I r . 
No obstacles, i n t h e form of s t r u c t u r e or o p t i c a l p r o p e r t i e s are 
present t o prevent t h i s s t a n d a r d i s a t i o n of the nomenclature. 
4. No f u r t h e r l i g h t has been thrown on the p o s i t i o n o f the compositional 
boundary between iridosmium and osmiridium. The p o i n t of d i v i s i o n 
was placed at 32,^ Os by Hey (^8) . Cabri ( 4 1 ) , however, has 
i n d i c a t e d the p o s s i b i l i t y t h a t a m i s c i b i l i t y gap e x i s t s i n the 
Os + I r + Ru system, basing h i s o p i n i o n on published data f o r the 
synthetic Os - I r and I r - Ru systems. Cabri's t e r n a r y diagram. 
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showing the pos t u l a t e d area of i r a r n i s c i b i l i t y has been 
reproduced (see diagrajn 2 ) . On the diagram, the compositions 
of the a l l o y s described i n se c t i o n K have been p l o t t e d , and 
serve t o confirm the existence of an i m m i s e i b i l i t y gap. 
5. I n t e r g r o w t h t e x t u r e s e x h i b i t e d by the p l a t i n o i d a l l o y s are 
v a r i e d and complex. I n most cases, any i n t e r p r e t a t i o n of the 
genetic s i g n i f i c a n c e of the t e x t u r e s would be c o n j e c t u r a l . 
However, the existence of composite bodies i d e n t i c a l i n t e x t u r e 
t o negative c r y s t a l s , of v e s i c u l a r c a v i t i e s and of e u t e c t o i d -
l i k e i n t e r g r o w t h s i n d i c a t e s t h a t the p l a t i n o i d minerals c r y s t a l l i s e d 
under magmatic c o n d i t i o n s . 
6. Examination of the shapes and sizes of the p l a t i n o i d grains prov.ides 
l i t t l e p o s i t i v e evidence as t o t h e i r o r i g i n . The use o f rounded 
01" angular shapes and concave curves and r e e n t r a n t angles f o r or 
against a d e t r i t a l provenance i s dubious. Both deformation i n 
s i t u and f r a c t u r i n g d u r i n g m e t a l l u r g i c a l concentration of the 
p a r t i c l e s have probably played a s i g n i f i c a n t p a r t i n the formation 
of the present g r a i n shapes. The mean size and size d i s t r i b u t i o n 
o f the p a r t i c l e s remains remarkably constant from one pai^t of the 
Witwatersrand basin t o another, and show only small random v a r i a t i o n s . 
The consistency i n g r a i n size may r e f l e c t e i t h e r an e f f i c i e n t process 
of s o r t i n g of d e t r i t a l p a r t i c l e s , or a lack of a t t r i t i o n d u ring 
. t r a n s p o r t a t i o n of evenly sized primary g r a i n s . 
7. Owing t o t h e i r complex intergrowths w i t h other p l a t i n o i d minerals, 
the arsenides and sulpharsenides of"Os and I r are only p a r t l y 
d e f i n e d . The minerals are chemically complex and there i s some 
evidence t o i n d i c a t e t h a t a continuous mineral/compositional series 
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e x i s t s between the arsenide on the one hand and a sulpharsenide, 
. r i c h i n sulphur, on the other. The pure sulphide end-member, i f 
i t e x i s t s , v;as not i d e n t i f i e d . Viost occurrences of these minerals 
were observed as coatings around, and sometimes r e p l a c i n g the 
a l l o y s of osmium and i r i d i u m ( w i t h the exception of the n a t i v e 
osmium a l l o y ) . The p o s s i b i l i t y e x i s t s t h a t the minerals are 
aut h i g e n i c . The occurrence of a s p e r r y l i t e s h e l l around a w e l l -
rounded i r i d i u m p a r t i c l e (photomicrograph 17) shows t h a t i f the 
i r i d i u m was rounded during t r a n s p o r t a t i o n , then the s p e r r y l i t e 
i s a u t h i g e n i c . A l t e r n a t i v e l y , i f the s p e r r y l i t e v/as formed 
before t r a n s p o r t a t i o n as a primary mineral, then the rounded 
shape of the i r i d i u m g r a i n i s primary and owes nothing t o a 
process of p h y s i c a l a t t r i t i o n . 
8. The d e s c r i p t i o n s of the p l a t i n o i d minerals given i n the t h e s i s 
cover those minerals occurring as minor t o major c o n s t i t u e n t s 
i n the Witwatersrand r e e f s . Observations of extremely rar e 
minerals, such as rhodoferroplatinum and r h o d i r i d i u m , were 
f o r t u i t o u s , and i t i s c e r t a i n t h a t other, r a r e c o n s t i t u e n t s of 
the r e e f s have escaped n o t i c e . 
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DIAGR.AM 2. The Natural Os-Ir-Ru System (Cabri ( 4 l ) ) 
Ru 
55: Postulated m i s e i b i l i t y gap 
Gi Osmium 
Q Iridosmium 
0 Riitheniridosmium 
0 Osmiridium 
X Ruthenosmiridium 
I r i d i u m 
Only one mineral f a l l s i n the f i e l d of i m m i s c l b i l i t y . This 
mineral formed one h a l f of a t w i n - l i k e ix-'idosmiujr. p a r t i c l e f o r vjhich 
only a poor powder d i f f r a c t i o n f i l m was obtained. The s t r u c t u r e , 
t h e r e f o r e , of t h i s mineral i s i m c e r t a i n . A l l other analyses are of 
s i n g l e phase, hexagonal or cubic a l l o y s . 
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APPENDIX I 
PHOTOMICROGRAPHS 
The photomicrogr-aphs and e l e c t r o n photomicrographs i n the 
f o l l o w i n g plates ( l t o X) i l l u s t r a t e a general cross s e c t i o n of 
the shapes, zonal or i n t e r g r o w t h t e x t u r e s and composition of the 
V71twatersrand p l a t i n o i d g r a i n s . Since the v a r i a t i o n s are almost 
i n f i n i t e , only the more common features or features of p a r t i c u l a r 
i n t e r e s t have been i l l u s t r a t e d . B r i e f d e s c r i p t i v e notes are given 
f o r each photograph and a l l minerals except those shown i n pl a t e I 
were i d e n t i f i e d w i t h the e l e c t r o n probe. 
Unless s p e c i f i e d otherwise, the grains V7ere photographed i n 
polished s e c t i o n w i t h plane p o l a r i s e d , o i l immersion obj e c t i v e s 
and u s i n g I l f o r d PP4 35 mm. f i l m . The exceptions were photogi-'aphed 
u s i n g 9 X 12 cms. p l a t e f i l m (FP4) or p o l a r o i d f i l m . The l a t t e r was 
used f o r a l l backscatter e l e c t r o n images ( b . e . i . ) . The corresponding 
x-ray images are 35 mm. copies of p o l a r o i d o r i g i n a l s . A l l negatives 
were developed i n Johnson's A c u t o l . 
PLATES I - X 
PLATE I 
1 . A random selection of loose p l a t i n o i d grains. Western 
Holdings Mine. x 120 (Air Objective, Plate f i l m ) . 
2 . A random selection of loose p l a t i n o i d grains. S.A. Lands 
Mine. x 95 (Air Objective, Plate f i l m ) . 
3 . P l a t i n o i d grains a f t e r d i s l o c a t i o n of a cent r a l phase, 
(see arrows). The hexagonal outline of the core i n the 
gr'ain on the l e f t i s well defined. South Roodepoort Mine. 
X 150 (Air Objective, Plate f i l m ) . 
PLATE I 
P]:,ATE I I 
4 . An angular, hexagonal c r y s t a l of osmium (blue) enclosing 
a "negative c r y s t a l " composite of ir o n nickel sulphide 
(grey-green) and ferroplatinum (white). An iridosmium 
remnant (white) i s attached at upper l e f t . Welkom mine. 
X 450 (Polaroid). 
5. The same grain as 4, coated with a t h i n carbon f i l m 
(Polaroid). 
A l i n e a r intergrowth of iridosmium ( l i g h t brovm) and a more 
iri d i u m and ruthenium r i c h iridosrnium (dark brov/n). Carbon 
coating enhances contrast. Western Holdings mine- x 450, 
(Polaroid). 
7 . A concentric intergrowth of osmium (white), iridosmium 
( l i g h t grey) and rutheniridosmium (dark grey). Welkom 
mine, B.E.I, x 420. 
8. The same grain as 7- Photomicrograph i n o i l . Note the 
lack of contrast between the two outer minerals, x 420. 
PLATE I I , 
PLATE I I I 
An imperfectly formed osmium c r y s t a l i n iridosmium/ 
rutheniridosmium. Same grain as photomicrographs 7 
and 8. Welkoffi mine^ x 380. 
10. A concentric intergrovjth with a round core of osmium 
(grey), a t h i n interm.ediate zone of Os~rioh iridosmium 
(pale gi'ey) and an outer zone of iridosmium (white) 
with 0sc2;Ir. Grain rounding i s minor. Libanon mine, 
X 530. 
1 1 . . A concentric intergrowth of iridosmium (grey) and 
i r i d i u m - r i c h iridosmium, sectioned p a r a l l e l t o c-axis, 
Small patches of osmium'(dark grey) are v i s i b l e . 
Welkom mine, x 400. 
12, An incompletely formed osmium c r y s t a l (grey) i n 
iridosmiura (white). Vvinkelhaak mine, x 400. 
13. Osmium (incomplete at centre) i n iridosmium (white). 
Central black patch i s a cavity. Note the sympathetic 
outlines of the osmium and iridosmine. Libaiion mine, 
X ^ 0 . 
l 4 . A similar grain to l 4 with a t h i n iridosmine rim. 
S.A. Lands mine, x 770. 
15 . Several i r r e g u l a r n u c l e i i of osmium grading compositionally 
i n t o rutheniridosmine. Welkom mine, high contrast B.E.I. 
X 840. 
16. A concentric intergrowth of osmium (dark grey), iridosmine 
( l i g h t grey) and osmiridium (white). Western Deep Levels 
mine, x 280. Poor polish. 
PLATE I I I . 
PLATE ry 
17 . I r i d i u m (white) with a broken s p e r r y l i t e rim. Both the 
iridi u m and s p e r r y l i t e are well rounded. Free State 
Geduld mine, x 5>0. 
18. Osmiridium (v;hite) being replaced by s p e r r y l i t e (grey), 
Welkom mine, x 770. 
19 . Osmiridium (white) being replaced by Spe r r y l i t e (grey): 
Welkom mine, x 770. 
20 . Similar grain to 19- Osmiridium i n the core i s ruthenium-
r i c h and fibrous i n texture. Libanon mine, x 770. 
2 1 . Hexagonal c r y s t a l of iridosmium (white) i n v;hich cavities 
occur, possibly after displacement of a skelet a l c r y s t a l 
of osmium. Cavities are p a r t l y lined with a p l a t i n o i d 
sulpharsenide (grey). Western Holdings mine, x 770. 
22. Osmiridium (white) f i n e l y intergro\m with a p l a t i n o i d 
sulpharsenide. The sulpharsenide forms a porous sh e l l 
(dark gi-ey). Welkom mine, x 770. 
25 . Ruthenosmiridium (white) extensively replaced by p l a t i n o i d 
sulpharsenide (medium grey), a l l enclosed i n a uniform 
s p e r r y l i t e s h e l l ( l i g V i t grey). East Daggafontein mine, 
X 530. 
24. Ruthenosmiridium (white) replaced by a sulpharsenide of 
osmium and ir i d i u m (medium grey) and then p a r t l y coated 
w i t h an arsenide of osmium and iri d i u m . Libanon mine, 
X 530. 
PLATE IV 
% 
23 
PLATE V. 
25. A li n e a r intergrovrth of osmium-rich iridosmium (grey) and 
ir i d i u m - , platinum- and ruthenium-rich iridosmium (white). 
Western Areas mine, x 400. 
26. Similar intergrowth to 25- Polishing r e l i e f accentuates the 
osmium-rich phase. V/estern Areas mine, x 400. 
27. Iridosmium (grey) and iridosmium near osmiridium i n 
composition (white) i n li n e a r intergrowth. Kinross mine, 
X 400. 
28. A bizarre t w i n - l i k e intergrowth of osmium (grey) and 
iridosmium (white). The cause of the deformation i s 
unknown. Libanon mine, x 770. 
29 . Concentric intergr-owth of osmium (medium grey), iridosmium 
( l i g h t gr-ey) and osmiridium (white), sectioned p a r a l l e l t o 
the osmium c-axis. Sp e r r y l i t e remnants (dark grey) are 
present at grain surface. Vaal Reefs mine, x 6OO. 
30 . A t w i n - l i k e l i n e a r intergrowth of osmium.-rich iridosmium 
(grey) and i r i d i u m - r i c h irldosmine (v?hite). Welkom mine, 
X 530. 
3 1 . Similar to grain 30. The two phases appear to have grown i n 
c r y s t a l continuity. Vaal Reefs mine, x 500. 
32 . A l i n e a r ( s t r u c t u r a l ) intergrowth of a p l a t i n o i d sulpharsenide 
along crystallogi^aphic directions of iridosmium (white). The 
sulpharsenide p a r t l y coats the composite. Welkom mine, 
x 530. 
PLATE V 
PLATE VI 
33. Iridosmium (vjhite) enclosing a "negative c r y s t a l " composite 
of f i n e l y intergrov/n ferroplatinum and i r o n nickel sulphide. 
The black patch with the composite i s i r o n - r i c h s i l i c a t e . 
VJelkom mine, x 770. 
34. Inclusions of iridosmium (pale grey) i n osmiridium (white). 
One inclusion i s p a r t l y detached-. Black discs are cavities, 
Western Areas mine, x 330. 
35. Iridosmium with an hexagonal cavity, probably a f t e r osmium. 
Libanon mine, x 770. 
36. Osmiridium with spherical inclusions of i r o n nickel sulphide 
(grey). A few inclusions near the grain edge have been 
detached. Free State Geduld mine, x 400. 
37* I r i d i u m with oval and tubular vesicles. Traces of a 
rhodium sulphide, mineral can be seen (grey) l i n i n g several 
c a v i t i e s . Vaal Reefs mine, x 770. 
38. Iridosmium with peripheral inclusions of p l a t i n o i d 
sulpharsenide. Some vesicular cavities are also present. 
Leslie Mine, x 330. 
39* Osmiridium with vesicles, elongated at random i n some 
cases. VJelkom mine, x 530. 
40. Angular inclusions of hard, fractured l a u r i t e (gi'-ey) i n 
.osmiridium (white). Libanon mine, x 70O. 
PLATE VT 
PLATE V I I 
4 l . Osmium (dark grey) grading i n t o iridosmium of variable 
composition (light/medium grey). The iridosmium forms 
a li n e a r inter-growth with osmiridlum (white). Western 
Areas mine, x 400. 
42. A linear intergrowth of osmiridium (vjhite) and a 
platinum/iron-rich a l l o y of uncertain i d e n t i t y (no As 
or S detected). The intergrovfth i s p a r t l y enclosed by 
s p e r r y l i t e (dark grey). Western Areas mine, x 330 
(Polaroid), 
43. Concentric intergrovrth of two v a r i e t i e s of iridosmium. 
The t w i n - l i k e association i s d i s t i n c t . South Roodepoort 
mine, x 530. 
44. Rutheniridosmium, extremely well-rounded and shovfing an 
i n d i s t i n c t l i n e a r texture.. Inclusions of i r o n nickel 
sulphide are aligned with the l i n e a t i o n d i r e c t i o n . 
President Brand mine, x 530. 
45. An angular osmium c r y s t a l . Welkom mine, x 600. 
46. A subangalar osmium c r y s t a l . Welkom mine, x 530. 
47. A subround iridosmine c r y s t a l . Welkom mine, x 600. 
48. A subround iridosmine c r y s t a l w i t h a subangxilar, 
hexagonal embayment. Welkom mine, x 530. 
PLATE V I I 
PLATE V I I I 
49. A rounded iridosmiuin grain. Welkom mine, x 400. 
50. A well-rounded osmiridium gr-ain with concave curves. The 
• small c i r c l e i s an a i r bubble. V/elkom mine, x 600. 
5 1 . Iridosmiimi fractured along crystallographic directions. 
Undamaged iridosmiura shows no cleavage p a r a l l e l t o the 
c-axis. Libanon Mine, x 400. 
5 2 . I r i d i u m with r a d i a l fractures or cracks. Vaal Reefs 
mine, x 770. 
53• Osmiridium showing a crude subhedral outl i n e . Vaal 
Reefs mine, x 770. 
54 . An hemispherical p a r t i c l e of iridosmium probably broken 
from a t w i n - l i k e intergrov/th, Libanon mine, x 770. 
55 . Iridosmium with angular hexagonal embayments. Libanon-
mine, x 450. 
56 . Iridosmium with dumbell shape. S.A. Lands mine, x 770. 
PLATE V I I I 
A9 50 
51 52 
55 5^  
PLAITJ: IX 
57.a, b. Iridosraiurr! (white) i n concentric and s t r u c t u r a l 
intergrowth with an osmium iridium sulpharsenide 
(arsenic minor). 
For iridosmiuin - Ir:Os = 1:1.1 
Pt > 10 at % 
For the sulpharsenide •- Ir:Os:S = 1:1:4 (approx.) 
vrith minor Ru^ As. 
Western Areas mine, x S'^O (Polaroid). 
58.a,b,G. Iridosraium with cleavage flakes of rhodium sulphide. 
Welkom mine, x 420 (Polaroid). 
59* Ferroplatinum (white) enclosed i n s p e r r y l i t e (medium grey). 
A discontinuous zone (dark grey)., intermediate between core 
and s h e l l , comprises major Rh and S with moderate/minor Ru, 
Pt, As. Small gi'-ey patches i n the ferroplatinum are enriched 
i n Pt, As. Similar patches i n the s p e r r y l i t e are enriched 
i n Rh,S. Western Areas mine, x 420 (Polaroid) B.E.I. 
60. OsmlvLm (v>jhite), iridosmium (dark grey) and rutheniridosmii;mi 
(dark grey, fibrous) i n concentric intergrcwth. Vaal Reefs 
mine, x 840 B.E.I. (Polaroid). 
61.. Perroplatinum (white) p a r t l y replaced by a complex 
mineral of rhodium,cobalt, arsenic and sulphur. With 
minor Ru, Fe and Ni (dark grey). Light patches w i t h i n 
the rim are ferroplatinum remnants. Western Areas 
mine, x 420 (Polaroid). 
62. Pt Lex. X-ray image. 
PLATE IX 
16 >* ^^^^ 
57.b. S.Ko< 
58.b. Rh.Loc 58.C. S.Koc 
PLATE X 
The backscatter electron image and corresponding x-ray 
images i l l u s t r a t e a complex concentric interpjrcwth i n which 
f i v e minerals can be i d e n t i f i e d . 
The round composite core of the grain comprises l a u r i t e 
(l.).ferroplatinum (F) and a magnesiijm i r o n aluminium s i l i c a t e 
(S). The composite i s enclosed by a broad intermediate zone 
of iridosmiuni ( l ) i n which Os and I r are present i n equal 
proportions and Ft i s approximately 10^ by weight. Ru and 
Fe are minor constituents of the a l l o y . The i r r e g u l a r outer 
zone of the intergi^ov'th i s of an osmium ir i d i u m sulphide 
mineral (S) i n which Pt, Ru and As are minor constituents. 
This outer zone i s probably replacing the iridosmium al l o y . 
The occurrence of a small grain of l a u r i t e i n the rim (top 
r i g h t ) i s , however, peculiar. 
Kinross mine, x 8''lO (Polaroid). 
PLATE X 
b. e. i 
1 
Ir.Lb< 
Ru.Lo< ^  
Fe.KD< 
•r -v, <.;i:'v 
Pt.L-c 
S.Kc< 
S i , Key; 
